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Fatty acid profile of sebum in seborrheic dermatitis
J Guo,1 T Lin,2 K Wei,3 J Tsai1 and H Sheu2 1 Institute of Clinical Pharmacy and 
Pharmaceutical Sciences, College of Medicine, National Chung Kung University, Tainan, 
Taiwan, 2 Department of Dermatology, National Chung Kung University Hospital, College 
of Medicine, National Chung Kung University, Tainan, Taiwan and 3 Department of 
Dermatology, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan
The objectives of the study were to compare the fatty acid composition of scalp sebum from SD 
patients with normal controls, and to investigate the effect of sebum accumulation time on the 
fatty acid composition. Scalp sebum was collected from 10 male SD subjects and 10 age-matched 
male, healthy subjects by alcohol washing 24 hr post hair washing. The effect of sebum accumu-
lation time was conducted on 3 SD patients and 5 normal controls, and sebum was collected 24 
hr (baseline) and 72 hr post hair washing. Sebum samples were tranesterificated and analyzed by 
a validated gas chromatography. Oleic acid (C18:1n9) content was increased in sebum from SD 
subjects (15.16±1.42 %) than from normal subjects (12.30±1.98 %; p<0.05, student t-test, β=0.863). 
Total unsaturated free fatty acid composition was also increased in the SD sebum (45.44±3.02 %), 
but was not significantly different from normal sebum (42.78±4.09 %). 72 hr post hair washing, 
total sebaceous lipids collected were increased significantly in both normal (483±234 mg) and SD 
(611±157 mg) subjects in comparison with baseline sebum (normal: 306±157 mg; SD: 277±159 
mg, p<0.05, paired student t-test), respectively. In addition, oleic acid content in the normal subjects 
(13.61±2.74 %) was significantly increased and palmitic acid content (C16:0, 28.26±1.30 %) was 
significantly decreased 72 hr post hair washing in comparison with the respective fatty acids content 
(oleic acid : 11.91±2.85 %; palmitic acid: 29.70±1.63 %) in the baseline (p<0.05, paired student 
t-test). The study demonstrated elevated levels of oleic acid were found in both the SD sebum and 
in the normal sebum collected 72 hr versus 24 hr post hair washing, indicating possible involvement 
of C18 unsaturated fatty acid in the pathogenesis of seborrheic dermatitis.    
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Nanostructured films downregulate expression of tight junction proteins in primary cultured 
human keratinocytes
J Ryu,1,2 J Allen,2 L Adame,3 R Sun,3 T Mauro1,3 and T Desai2 1 Dermatology, University of 
California-San Francisco, San Francisco, CA, 2 UCSF, Department of Bioengineering and 
Therapeutic Biosciences, San Francisco, CA and 3 Dermatology, Veterans Affairs Medical 
Center, San Francisco, CA
The aim of this study is to determine whether synthetic nanoscale topography can alter cell-cell 
adhesions in the human epidermis and thereby offer a novel strategy for transdermal delivery of 
large molecules. To address this question, we have created a series of nanostructured films through 
lamination of medical grade polypropylene through a nanoporous polycarbonate membrane. The 
length, diameter, and geometry of the fibers on these films can be reliably controlled during synthe-
sis, allowing us to track and adjust different characteristics that may affect transepidermal resistance. 
We synthesized various permutations of our nanostructured films and applied them to the surface of 
primary cultured human keratinocytes. Application of our films for 24 hours led to 30-60% decreases 
in canonical tight junction proteins, including claudin-1, claudin-4, and zonula occludens-1 (ZO-1). 
Films with smaller aspect ratio fibers selectively downregulated claudin-1, while films with longer 
aspect ratio fibers selectively downregulated ZO-1. These changes were fully reversible after the 
devices were removed from the keratinocytes for 24 hours. As a functional correlate, we measured 
transepithelial electrical resistance (TEER) in response to application of our nanostructured films. 
Both small and large aspect ratio films led to 25-30% decreases in TEER, which were reversible. 
Based on these results, we posit that our nanostructured films can induce downregulation of tight 
junction proteins in human epidermal cells. Interestingly, specific combinations of fiber topography 
and stiffness appear to correlate with regulation of particular tight junction proteins. This raises 
the prospect that we can rationally tune our nanotopography characteristics to target specific tight 
junction components and optimize transdermal delivery.    
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Selective matrix-hyaluronan interaction with CD44 and RhoGTPase signaling promotes kera-
tinocyte functions and overcomes age-related epidermal dysfunction
L Bourguignon,1 G Wong,1 W Xia,1 M Man,2 W Holleran2 and P Elias2 1 Medicine, University 
of California-San Francisco & VA Medical Center, San Francisco, CA and 2 Dermatology, 
University of California-San Francisco & VA Medical Center, San Francisco, CA
The purpose of this study is to demonstrate mechanism-based, corrective therapeutic strategies using 
topical applications of matrix hyaluronan (HA)-small HA and/or large HA [or a sequential small 
HA and large HA treatment] as well as RhoGTPase signaling perturbation agents to regulate HA/
CD44-mediated signaling, thereby restoring normal epidermal function, and permeability barrier 
homeostasis in aged mouse skin. A number of biochemical, cell biological/molecular, pharmaco-
logical and physiological approaches were used to investigate matrix HA-CD44-mediated RhoGT-
Pase signaling in regulating epidermal functions and skin aging. Our results indicated that topical 
application of small HA promotes keratinocyte proliferation and increases skin thickness, while it 
fails to upregulate keratinocyte differentiation or permeability barrier repair in aged mouse skin. In 
contrast, large HA induces only minimal changes in keratinocyte proliferation and skin thickness, but 
restores keratinocyte differentiation and improves permeability barrier function in aged epidermis. 
Since neither small HA nor large HA corrects these epidermal defects in aged CD44 knock-out mice, 
CD44 likely mediates HA-associated epidermal functions in aged mouse skin. Finally, blockade 
of Rho-kinase activity with Y27632 or protein kinase-Nγ activity with Ro31-8220 significantly 
decreased the small HA or large HA-mediated changes in epidermal function in aged mouse skin. 
In summary, the results of our study show first that HA application of different sizes regulates epi-
dermal proliferation, differentiation and barrier function in aged mouse skin. Second, manipulation 
of matrix (HA) interaction with CD44 and RhoGTPase signaling could provide further novel thera-
peutic approaches that could be targeted for the treatment of various aging-related skin disorders.   
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miRs-103/107 confer “stemness” to keratinocytes
RM Lavker,1 JK Park,1 J Katsnelson,2 W Yang1 and H Peng1 1 Dermatology, Northwestern 
University, Chicago, IL and 2 Rush Medical School, Chicago, IL
Infrequent cycling along with high proliferative capacity are hallmarks of epithelial stem cells. 
Although progress has been made in our understanding of these important processes, how they 
are regulated is poorly appreciated. The miRs-103/107 family is preferentially expressed in a stem 
cell-enriched epithelium. We now demonstrate that miRs-103/107 transmit quiescence to kerati-
nocytes. Following transduction of miRs-103/107, fewer cells (4 x 104) were observed compared 
with the empty vector transduced keratinocytes (5 x 105). The proliferative status of the transduced 
keratinocytes was also altered as evidenced by a 20% reduction in cells in the S phase (*P>0.05) and 
a >50% increase in the population doubling time (3 days vs. 6.6 days, *P>0.01). FACS analysis of 
the cell cycle kinetics of keratinocytes transduced with miR-103 or miR-107 revealed an arrest in the 
G1 phase without an increase in apoptosis. To place the cell kinetic data into a more physiologically 
relevant context, we utilized a 3-D raft model of human epidermis. Most basal cells in 3-D raft 
cultures formed during a progenitor competition assay were miRs-103/107-GFP-tagged, suggesting 
that miRs-103/107 overexpression increases proliferative capacity. Holoclone assays confirmed this, 
as miRs-103/107 transducion gave rise to significantly more holoclones (colonies>0.1cm2) than the 
scrambled control. Luciferase and Western blot data indicated that HOXD13 and p90RSK2, two 
positive regulators of the G1/S transition, are direct targets of miRs-103/107. Silencing HOXD13 
reduced (30%) keratinocyte proliferation. Treatment of keratinocytes with a specific inhibitor of 
p90RSK resulted in a 65% reduction in proliferation. Likewise, silencing p90RSK reduced BrdU 
incorporation (25%) and increased the population doubling time by 15%. Therefore, we propose 
that miRs-103/107 contribute to a stem cell phenotype by attenuating HOXD13 and p90RSK, which 
confers quiescence. Of clinical relevance, miRs-103/107 transduction of an aggressive tongue 
squamous cell carcinoma cell line (CAL27) resulted in a 50% reduction in cell number.    
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Role of epidermal basement membrane in skin barrier function
S Iriyama, Y Hachiya and M Tsunenaga Shiseido Research Center, Yokohama, Japan
Epidermal basement membrane plays important roles in epithelial proliferation and differentia-
tion by controlling dermal-epidermal interactions. However, it remains unclear whether the epi-
dermal basement membrane contributes to epidermal barrier function. To explore this issue, we 
used ultraviolet B (UVB)-irradiated human skin, a skin equivalent model and organotypic human 
skin. Localizations of differentiation markers and basement membrane markers were disrupted by 
UVB irradiation, which induces and activates matrix metalloproteinases (MMPs) and heparanase. 
Recently we reported that activation of MMPs and heparanase disrupted the structure and function 
of epidermal basement membrane in a skin equivalent model and induced abnormal expression of 
epidermal differentiation markers; here, similar changes were seen in UVB-irradiated human skin. 
We found that MMP inhibitor and heparanase inhibitor ameliorated the damage to basement mem-
brane structure, normalized the localizations of filaggrin and bleomycin hydrolase, and decreased 
transepidermal water loss (TEWL). In an organotypical model of human skin, treatment with the 
inhibitors resulted in uniform localization of filaggrin and bleomycin hydrolase at the granular layer, 
and TEWL was significantly reduced. These results suggest that MMP inhibitor and heparanase 
inhibitor suppress the degradation of epidermal basement membrane by MMPs and heparanase, 
respectively, thereby ameliorating barrier dysfunction in UV-exposed human skin.    
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Diaper dermatitis management: A global and innovative strategy for a new generation of 
skin care
C Baudouin,1 N Lachmann,1 J Rocheteau,1 B Chadoutaud,2 E Boy,2 S Leclere-Bienfait,1 
S Brédif,1 C de Belilovsky1 and P Msika1 1 LABORATOIRES EXPANSCIENCE, Epernon, 
France and 2 CLINREAL, Toulouse, France
Diaper rash affects up to 35% of infants with a peak of incidence around 10-12 months. Our research 
program on infant skin, focused on the epidermis, provided some evidences: barrier function is 
developing, inflammation signals are present and cellular resource needs to be preserved. Combined 
with the diaper area state (warm and humid) and the exogenous factors (urine, feces, friction), 
contributing to elevate the surface pH, these knowledge clearly elucidate the main causes of diaper 
rash: altered barrier function and inflammation. We developed a new product containing zinc oxide 
and 3 patented active ingredients with anti-irritant and repairing activities. First, we analyzed the 
irritant action of urine on a 1 year-aged reconstructed epidermis by measuring gene expression of 
barrier function (involucrin, sphyngomyelinase, corneodesmosin, claudin 1), inflammation (IL1, IL8, 
PGE2, TRPV1) and stem cells (K19, integrin beta1, alpha6, surviving) markers and by analyzing 
histology and viability. The product was able to restore the barrier by 84% in mean, to preserve the 
stem cells markers by 71% and to significantly modulate the inflammatory mediators production. 
The product enabled the tissue recovery even after urine treatment with a viability of 97%. Then, 
efficacy of this specific formulation was evaluated in 2 clinical trials conducted on 122 infants (10-12 
months in mean) during 30 days in normal conditions of use under medical control. Data showed 
that 100% of the paediatricians and dermatologists validated the preventive effect of the product, 
irritation and redness decreased from the 1st day in over 80% of cases and there was a reduction of 
occurrence frequency by 80%. By its specific composition, this formulation exhibits a good barrier 
protection and repair and potent anti-inflammatory properties. It provides a global strategy for the 
management of diaper rash: prevents its apparition, soothes pain rapidly and offers a lasting repair.   
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Skin barrier dysfunction and relatively low antimicrobial peptide expression in cutaneous 
T-cell lymphoma
H Suga, M Sugaya, T Miyagaki, H Ohmatsu, M Kawaguchi, N Takahashi, H Fujita, Y Asano, 
Y Tada, T Kadono and S Sato Department of Dermatology, University of Tokyo, Tokyo, Japan
Decreased expression of filaggrin and loricrin has been reported in patients with atopic dermatitis 
(AD). AD patients often suffer from skin infections, which are also frequently seen in patients with 
cutaneous T-cell lymphoma (CTCL). In this study, we aimed to investigate the skin barrier dysfunc-
tion in CTCL, which has much in common with AD in clinical and histological aspects. We assessed 
skin moisture and transepidermal water loss (TEWL) in CTCL patietns (n = 11). We next examined 
messenger RNA (mRNA) expression levels of filaggrin, loricrin, and antimicrobial peptides (AMPs) 
such as S100 proteins and human β defensins in skin samples of CTCL (n = 26), AD (n = 6), or 
psoriasis (n = 5) and in control normal skin (n = 6). Immunostaining for filaggrin, loricrin, and S100 
proteins was also performed (n = 5 for each disease). Lower levels of skin moisture, accompanied by 
higher levels of TEWL, were seen in lesional skin of CTCL compared to normal skin or perilesional 
skin of the same patients (p < 0.01, each). Lesional skin of advanced CTCL contained lower levels 
of filaggrin and loricrin mRNA than normal skin, which was also true with AD and psoriatic skin 
(p < 0.05). Expresion levels of filaggrin mRNA in CTCL skin negatively correlated with those of 
disease markers such as CCL17 and IL-22 (r = -0.45, p < 0.05 and r = -0.59, p <0.01, respectively). 
Expression levels of AMPs in lesional skin of CTCL and AD were significanlty lower than those of 
psoriasis (p < 0.05). Immunohistochemistry confirmed decreased expression of filaggrin and loricrin 
in CTCL, AD, and psoriatic skin and enhanced expression of S100 prioteins only in psoriatic skin. 
Our results suggest that CTCL skin has barrier dysfunction as is the case with AD skin. Relatively 
low AMP expression compared to psoriatic skin may not reach sufficient levels to provide adequate 
control of infections, which sometimes affect life expectancy.    
355
Regulation of skin water flow: Evaluation of a vegetable extract, from in vitro efficacy to 
clinical evidence using Raman Spectroscopy
S Brédif, N Lachmann, J Rocheteau, C Baudouin, S Leclère-Bienfait, S Debrock and P Msika 
Laboratoires Expanscience, Epernon, France
Preservation of skin hydration can be achieved by the mean of two parallel actions: enhancement 
of water binding and distribution and prevention from its evaporation by reinforcement of the bar-
rier function. An active ingredient from Acacia Macrostachya seeds, obtained from a sustainable 
supply chain, was developped according to an eco-designed process. Its effects on key factors in 
the maintenance of skin hydration were demonstrated in vitro and in vivo. In keratinocytes, the 
vegetable extract was able to stimulate the pathways of Natural Moisturizing Factor (NMF) synthesis: 
it increased filaggrin (as shown by ELISA) and two enzymes involved in the degradation of filaggrin 
to NMF: PAD1 and caspase 14 (as shown by qRT-PCR). The effect on filaggrin was confirmed by 
immunostaining on delipidated skin explants, where the topical application of the formulated 
vegetable extract was able to restore its expression as well as that of aquaporin-3. The vegetable 
extract enhanced epidermal barriers at the level of the stratum corneum and tight junctions: in 
keratinocytes, the expressions of claudin-1 (immunostaining), keratin 1, keratin 10 and loricrin 
(qRT-PCR), as well as transglutaminase enzyme activity (colorimetric assay) were significantly stim-
ulated. A double-blind randomized study conducted on 23 women with dry skin (Corneometer 
values between 30 and 40 i.u.) showed that the vegetable extract induced a significant increase of 
NMF content (+232%), water content (+129%) and SC thickness (+123%) compared to the placebo 
(p<0.05) assessed by Raman Spectroscopy in the horny layer of the skin on volar forearms. Results 
of the present studies underlined the high potential of the acacia extract to stimulate NMF and 
aquaporins components to revitalize skin water flow as well as to control water loss by a reinforce-
ment of epidermal barrier. Thus this active ingredient offers to the skin an active cellular hydration.   
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Development of an original reconstructed tissue model reproducing nipple epithelium to 
evaluate anti-inflammatory and repairing efficacy of a nursing balm
S Brédif,1 M Meloni,2 C Baudouin1 and P Msika1 1 Laboratoires Expanscience, Epernon, 
France and 2 Vitroscreen, Milano, Italy
Nipple epithelium is a specialized epidermis that shows distinct patterns of differentiation and 
keratin’s expression to withstand the mechanical strain of nursing. Histologically, it appears thick-
ened and hyperkeratotic with an increased level and specific distribution of filaggrin and keratin 
14. These features influence the barrier function properties and lead to different tissue response 
to external stimuli. We have developed and characterized a specific nipple-tissue reconstructed 
model: reconstructed epidermises have been produced using various culture conditions and from 
different human keratinocytes strains, selected for their high filaggrin production capacity. The 
conditions reproducing the better the histological features of nipple epithelium were selected after 
histochemical analyses. A mechanical injury was realized on the surface of the obtained nipple 
epidermis model, to mimic fissures and cracks occuring in breastfeeding. Topical application of 
a nursing balm was able to protect from cell damage and to preserve tissue integrity, as shown by 
the inhibition of LDH release (-90%). Gene expressions of TNF-alpha, TGF-beta 1 and filaggrin 
were evaluated by real-time RT-PCR. The balm strongly inhibited TNF-alpha (-76%) induced by 
the lesion. The repairing effect of the balm was demonstrated by its capacity to stimulate TGF-beta 
1 (x2) and filaggrin (x2), and to activate integrin-beta 1, as shown by western blot analysis and 
immunofluorescent staining. Finally, the repairing and protective efficacy of the balm was illustrated 
by scanning electron microscopy: the microrelief appearance of the nipple tissue was greatly and 
rapidly improved. We developed an original nipple tissue model and used it to mimic painful fissures 
or cracks that may occur during breastfeeding and to study their consequences at the molecular level. 
This model allowed us to show the protecting, soothing and repairing efficacy of a nursing balm.   
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Distribution of corneodesmosomes on superficial corneocytes differs between infants and 
adults: A new look at the stratum corneum maturation
M Haftek,1 N Lachmann,2 J Fluhr,3 R Abdayem,1 C Baudouin2 and P Msika2 1 Université 
Lyon 1, Lyon, France, 2 Laboratoires Expanscience, Epernon, France and 3 Charité University 
Clinic, Berlin, Germany
Maturation of the epidermal barrier in the infancy and its evolution during the senescence and 
in diseases have an important impact on the overall skin appearance and function. Among other 
actors, corneodesmosomes play a critical role in the stratum corneum (SC) cohesion and skin barrier 
function. We propose a new ultrastructural approach with immunodetection of corneodesmosin 
to explore the organization of superficial SC in infants and children. D-squame adhesives were 
used to collect the most superficial corneocytes from the volar forearms in 4 age groups of healthy 
infants, children and adults (n=5 each): 5-6 weeks; 12-18 months; 4-5 years, and young adults. 
The samples were labelled with an anti-corneodesmosin antibody then examined with a scanning 
electron microscope. Digital pictures were used for evaluation of the cell size and corneodesmo-
some distribution. The labelling specifically localized to the disrupted corneodesmosome structures 
distributed mainly on the lateral rims of the flattened cells. Percentage of corneocytes presenting 
additional labelling at the area of the central plateau was significantly lower in the youngest group 
(1.38 ±0.08) vs. 3 other age-groups (8.90 ±1.78, 8.36 ±0.74, and 7.34 ±0.93, respectively; P<0.01). 
Projected area of the individual cells progressively increased with age from 646.3 ±52.2 square 
micrometer at 5-6 weeks to 895.5 ±67.8 square micrometer in the adults (P<0.01). Labelling of 
corneodesmosomes, cell distribution on D-squames and size of the superficial corneocytes differed 
significantly between the first weeks of life and the later maturation stages. This reflects a relative 
immaturity of the epidermal barrier under the age of 1 year.    
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Low environmental humidity induces the change of skin structure and fluctuation of genes 
in a skin equivalent model
S Lee, J Lee, L Kwon, J Lee and H Lee Amorepacific R&D, Yongin, Republic of Korea
Seasonal changes can affect the physiological condition of skin and cause various cutaneous dis-
orders. Skin barrier function tends to worsen during the winter season, when humidity is low. To 
clarify the effects of environmental humidity on the skin, we employed a skin equivalent model. 
Skin equivalent was cultured for 4 days at relative humidity of 60% in the environmental humid-
ity chamber. Under dry condition, decreased epidermal thickness, especially granular layer was 
observed. Tight junction permeability assay showed the disruption of tight junction under dry 
condition. The low humidity condition caused decreased mRNA expression of filaggrin, loricrin, 
caspase-14 and SASPase. Decreased protein expression of filaggrin and loricrin was confirmed by 
Western blotting and immunofluorescence staining. These results show that both gene expression 
and protein expression related to skin barrier function can be affected by low humidity condition.   
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IL-31 controls skin barrier function through the IL-1 signaling network
K Hänel,2,1 P Amann,1 C Cornelissen,2,1 Y Marquardt,1 K Czaja,1 J Lüscher-Firzlaff,2 
B Luescher2 and JM Baron1 1 Department of Dermatology and Allergology, RWTH Aachen 
University, Aachen, Germany and 2 Institute of Biochemistry and Molecular Biology, RWTH 
Aachen University, Aachen, Germany
Atopic dermatitis (AD) is a prevalent chronic condition in children and adults resulting in skin barrier 
defects with increased infiltration of allergens and pathogens and unrelenting pruritus. The expres-
sion of IL-31 is increased in skin lesions of AD patients and correlates with disease severity. IL-31 
interferes with the differentiation of keratinocytes, aggravating the AD phenotype. To understand the 
molecular consequences of IL-31, target genes were identified in organotypic skin models using exon 
arrays. We found that IL-31 affected the expression of various genes whose products are relevant for 
the mechanical barrier. Functional studies using 3D skin equivalents revealed that IL-31 treatment 
weakens skin barrier, manifested by increased penetrability to allergens, small compounds and 
irritants and in vivo studies transplanting human cell-sorted skin equivalents onto the back of SCID 
mice demonstrated enhanced transepidermal water loss following subcutaneous IL-31 application. 
We identified the IL-1 cytokine network as a key downstream effector of the IL-31/IL-31 receptor 
axis. Antagonizing the IL-1 receptor with Anakinra was sufficient to rescue the IL-31 effects on skin 
differentiation and barrier formation. Furthermore the IL-1 cytokine network was also responsible 
for an increased expression of a series of antimicrobial peptides (AMP), including members of the 
S100 family and of the human beta defensins. In additional experiments we were able to illustrate 
that in response to low doses of IL-31 no disruption of the skin barrier was measurable, while an 
increase in AMP expression was still observed. Thus our study defines how IL-31, by regulating 
the IL-1 network, negatively affects the mechanical skin barrier, but also suggests a positive effect 
on the antimicrobial barrier. The balance of these two activities will have to be considered during 
therapeutic targeting of IL-31.    
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Analysis for distinctive activation patterns of pain and itchy in the human brain cortex mea-
sured using near infrared spectroscopy (NIRS)
C Lee,1,2 T Sugiyama,3 A Kataoka,4 A Kudo,4 F Fujino,4 Y Chen,5 Y Mitsuyama,3 S Nomura3 
and T Yoshioka5 1 Dermatology, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, 
Taiwan, 2 Dermatology, Chang Gung University, Taoyuan, Taiwan, 3 Waseda University, 
Tokyo, Japan, 4 Kanagawa Dental University, Kanagawa, Japan and 5 Kaohsiung Medical 
University, Kaohsiung, Taiwan
Pain and itch are closely related sensations, yet qualitatively quite distinct. Despite recent advances 
in brain imaging techniques, identifying the differences between pain and itch signals in the brain 
cortex is difficult due to dynamic temporal and spatial changes in the signals. The high spatial 
resolution of positron emission tomography (PET) and functional magnetic resonance imaging 
(fMRI) has substantially advanced research of pain and itch, but these are uncomfortable because 
of expensiveness, immobility, and the limited operation in the shielded room. Herein we used near 
infrared spectroscopy (NIRS), which has more conventional usability. NIRS can be used to visualize 
dynamic changes in oxygenated hemoglobin and deoxyhemoglobin concentrations in the capillary 
networks near activated neural circuits in real-time as well as fMRI. We observed distinct activa-
tion patterns in the frontal cortex for acute pain and histamine-induced itch. The prefrontal cortex 
exhibited a pain-related and itch-related activation pattern of blood flow in each subject. Although 
it looked as though that activation pattern for pain and itching was different in each subject, further 
cross correlation analysis of NIRS signals between each channels showed an overall agreement 
with regard to prefrontal area involvement. As a result, pain-related and itch-related blood flow 
responses (delayed responses in prefrontal area) were found to be clearly different between pain 
(τ= +18.7sec) and itch (τ = +0.63sec) stimulation. This is the first pilot study to demonstrate the 
temporal and spatial separation of a pain-induced blood flow and an itch-induced blood flow in 
human cortex during information processing.    
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Assessment of skin barrier function at different anatomic sites
N Raj,1 ME Lane,1 AV Rawlings,1 R Voegeli,2 S Gibbons1 and M Munday1 1 UCL School of 
Pharmacy, University College London (UCL), London, United Kingdom and 2 DSM, DSM 
Nutritional Products, Basel area, Switzerland
Natural moisturizing factor (NMF) is essential for stratum corneum (SC) hydration and to maintain 
the skin’s integrity. NMF is formed by proteolysis of filaggrin and it is composed of small hygroscopic 
molecules such as amino acids, lactic acid, urea, etc. Trans epidermal water loss (TEWL), SC protein 
content and protease activity are useful parameters for measuring skin barrier function. Here, we 
investigate and validate biomarkers of skin barrier properties as a function of anatomical site using 
the minimally invasive technique of tape stripping in vivo. For the SC protease activity and protein 
content study, 15 tape strips were removed from the mid ventral forearm and plantar surface of 
the lower leg and 9 tape strips were removed from the cheek. Pyrrolidone carboxylic acid (PCA), a 
component of NMF, SC protein content and TEWL were quantified for the forearm, leg and cheek. 
We observed that the cheek had lower protein content and PCA as well as higher TEWL values 
compared with other sites. To further explore the role of NMF we studied two terminal proteases 
that are involved in the filaggrin degradation cascade, bleomycin hydrolase (BH) and calpain-1. 
Higher levels of the proteases were observed in tape strips 10-12 for the forearm and leg. However, 
the activity of calpain-1 was almost ten-fold lower in all sites compared with BH activity values. 
As increased protease activity should lead to increased PCA production the low PCA levels in the 
cheek, along with the highest BH and calpain-1 activity, compared with other sites was surprising. 
The overall conclusion is that these proteases are not the rate-limiting factor for NMF generation 
at different anatomical sites. The findings reported should allow a better understanding of the skin 
barrier function at various anatomical sites and inform better design of topical preparations for 
different regions of the body.    
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The mTORC1 protein Raptor controls filaggrin levels through an Akt1/cathepsin H depen-
dent mechanism
A Naeem,1,2 Y Zhu,1,2 M Moffat,3 W Cookson,3 J Harper,1,2 W Di,1,2 T Reinheckel4 and 
R O’Shaughnessy1,2 1 Immunobiology and Dermatology, UCL Institute of Child Health, 
London, United Kingdom, 2 Livingstone Skin Research Centre, UCL Institute of Child Health, 
London, United Kingdom, 3 National Heart and Lung Institute, Imperial College, London, 
United Kingdom and 4 Institute of Molecular Medicine and Cell Research, BIOSS Centre of 
Biological Signalling Studies, Albert-Ludwigs-University, Freiburg, Germany
Filaggrin is an important protein in epidermal barrier integrity and genetic defects in FLG strongly 
associate with Atopic Dermatitis (AD). However, not all individuals with AD have filaggrin muta-
tions, and individuals with filaggrin mutations do not always have AD. We therefore hypothesised 
that there are other mechanisms that reduce filaggrin levels which contribute to epidermal bar-
rier disruption and AD. Understanding these mechanisms could lead to alternative therapeutic 
modalities for this disease. We discovered an inverse relationship between RAPTOR and filaggrin 
expression in epidermis. RAPTOR over-expression reduced AKT1 activity and filaggrin protein levels 
in a rat epidermal keratinocyte model. filaggrin reduction was mediated by loss of the lysosomal 
aminopeptidase cathepsin H. Skin of cathepsin H-deficient mice showed greatly reduced filaggrin 
expression, impairment of cornified envelope integrity as well as increased proinflammatory cyto-
kine expression. We identified a SNP in the RAPTOR gene that predicted RAPTOR protein levels. 
A single individual with the homozygous variant had increased RAPTOR expression, and decreased 
filaggrin and cathepsin H levels. Our findings highlight a novel mechanism controlling filaggrin 
protein levels independent of filaggrin mutation.    
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Tight junction barriers are functionally organized in hair follicles and sebaceous glands
T Atsugi,1,2 M Yokouchi,1 M Ohyama,1 M Amagai1 and A Kubo1 1 Keio Univ, Tokyo, Japan 
and 2 KOSÉ Corp, Tokyo, Japan
The second layer cells of stratum granulosum form tight junction (TJ) barrier and cell membrane 
polarity in the interfollicular epidermis of mammalian skin, however, little is known about the TJ 
in skin appendages, such as hair follicles and sebaceous glands. In this study, we characterized 
TJ formation and its function in these appendages. Outer root sheath (ORS), companion layer 
(CL), inner root sheath (IRS) and contained hair form concentric cylindrical layers from periphery 
to center. It is not clear whether the CL belongs to the ORS or the IRS. We found the CL cells 
formed ZO-1-positive junctions between them with E-cadherin showing polarized distribution on 
the peripheral-side membrane. Intradermal injection of protein biotinylation reagent revealed that 
the ZO-1-positive junctions between the CL cells prohibited the periphery-to-center movement of 
the reagent. In contrast, the IRS prohibited the center-to-periphery movement of the reagent at the 
junctions between Huxley’s layer cells, in which E-cadherin showed polarized distribution on the 
central-side membrane. Tamoxifen treatment in the K14-creERT; Cldn1flox/flox mice knocked out 
claudin-1 in the CL and the ORS but not in the IRS, resulting in leakage at the occlusive junctions 
of the CL but not of the IRS. These findings strongly suggested that the CL functionally belongs to 
the ORS, and therefore the IRS and the CL-ORS are two stratified epithelia with their apical surfaces 
facing each other. Sebaceous glands have long been believed to have no TJ. Sebocytes burst to 
secret total cell contents in a holocrine manner. If there is no TJ, holocrined intracellular contents 
could flow backward permeating into the dermis. We found that the apical cell junctions of the 
uppermost layer of stratified sebocytes were delineated by ZO-1 signals. Lanthanum permeation 
assay demonstrated that the apical intercellular junctions of the uppermost sebocytes had occlusive 
function. These findings indicated that the IRS, the CL-ORS, and the sebaceous glands are all armed 
with functional TJ barriers for protecting our body from external environment.    
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Stratifin: “A talkative protein” essential for the communication between keratinocytes and 
fibroblasts
A Lebleu, L Labourasse, C Gondran, G Oberto, Y Ferreira, N Esselin, K Cucumel, J Botto and 
N Domloge Ashland INC, Sophia Antipolis, France
Among the many processes implicated in the appearance of aging in skin, impairment of the 
communication between the epidermis and the dermis has been extensively documented. For this 
purpose, we focused on Stratifin, a member of 14-3-3 protein family. These proteins participate 
in many intracellular functions such as regulation of cell cycle and apoptosis, cellular trafficking, 
cell proliferation and differentiation or cell survival. In normal human skin, stratifin is expressed 
by keratinocytes and is abundantly present in the suprabasal layers of the epidermis. It has been 
reported that the release of this protein is able to modulate the expression of MMP-1 and hyal-
uronic acid in dermal fibroblasts, especially during the process of wound healing. In the present 
work, we first studied stratifin expression on human skin biopsies from donors of different ages by 
an immunohistological approach. We then assessed a biofunctional on stratifin and hyaluronic 
acid expression. We then mimicked the communication between keratinocytes and fibroblasts in 
vitro and tested different extracellular markers by qPCR and monitored efficacy of the contraction 
on in vitro glycated lattice. We showed an efficient dermal contraction on the glycated lattices 
correlated with a positive modulation of collagen 1. Finally, regarding in vivo experiment, after 
28 days of treatment, the main wrinkle’s observed parameters decreased significantly for most of 
the volunteers on biofunctional-treated sides, compared to placebo treated sides. Stratifin appears 
to be a key messenger in dermal-epidermal interactions, playing an essential role in extracellular 
matrix remodeling. Our present results suggest that modulation of stratifin expression is associated 
with improvements in key markers of the appearance of aging of the dermis.    
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Analysis of TEWL measurement variability on the thigh and arm. In vivo study
Y Ferreira, G Oberto, A Berghi, K Cucumel and N Domloge Ashland INC, Sophia Antipolis, 
France
Researchers face a challenge in TEWL (trans-epidermal water loss) measurements in Clinical tri-
als. Indeed, when we perform a TEWL assessment, we usually perform repeated measurements 
(generally three times at each time point), and then we average the results. Sometimes, one of the 
three measurements differs from the others! This raised the question : how can we be sure that a 
measurement is significantly different from the others? For this purpose, we estimated the maximum 
deviation tolerated between three measurements of TEWL made successively on the thigh and on 
the arm of different volunteers, at different moment, without any treatment. We obtained a standard 
deviation of reference of 0.35 for the thigh and of 0.39 for the arm. By applying the reduced range 
law, we obtained a maximum deviation of 1.16 for the thigh and 1.32 for the arm. That means, if 
the difference between the three measurements is lower than 1.16 or 1.32, we can consider the 
measurement similar and calculate the average. Moreover, in this study, we assessed the incidence 
of the gender, the age and the zone of measurement (e.g.: top or lower zone) on the TEWL vari-
ability. For the thigh, the three parameters had no influence on the TEWL variability. However, for 
the arm, the TEWL variability significantly changed depending if we make the measurement on the 
top or on the lower part of the forearm. These results allow us to strengthen the reliability of our 
common process, i.e., of always applying the placebo and biofunctional creams facing each other.   
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Epidermal class A scavenger receptors are critical for penetration of topically-delivered siR-
NA-nanoparticles and gene suppression
Q Song,1 W Briley,2 S Narayan,2 X Wang,1 CA Mirkin2 and AS Paller1 1 Dermatology, 
Northwestern Univ., Chicago, IL and 2 Chemistry, Northwestern Univ., Evanston, IL
Densely-arrayed nucleic acids (siRNA and DNA) around a central gold nanoparticle (spherical 
nucleic acids; SNAs) penetrate the epidermal barrier after topical delivery to suppress epidermal 
gene targets, but the mechanism is unknown. Confocal imaging of Cy5-labelled SNAs and induc-
tively-coupled mass spectrometry (ICP-MS) to track gold in cultured keratinocytes (NHEKs) and 
abdominoplasty skin explants show time- and concentration-dependent siRNA SNA as early as 15 
min and with as little as 100 pM siRNA SNA. Incubation at 4oC or with NaN3 suppresses SNA uptake 
by 60% and 70%, respectively, showing the need for endocytosis. Potassium depletion (blocks 
clathrin-mediated uptake) and wortmannin exposure (blocks macropinocytosis) had no effect. In 
contrast, methyl-beta-cyclodextrin or genistein reduced uptake by approximately 60%, suggesting 
caveolar-mediated uptake. Treatment of cells with fucoidan or polyinosinic acid, specific inhibi-
tors of class A scavenger receptors (SR-As), inhibited uptake by 80% in both NHEKs and 3-D skin 
equivalents. The function of SR-As in NHEKs and human skin has been unexplored. We found local-
ization of SR-As to caveolar domains, but discovered that expression of SR-A subclasses depends 
on cell differentiation, with a marked increase in MARCO (SCARA2) and SCARA5, but a decrease 
in SCARA3 (and SR-B receptor) expression when exposed to increasing calcium concentration. In 
human epidermis, MARCO is strongly expressed in suprabasal epidermis, including stratum cor-
neum, while SCARA5 is found in subcorneal suprabasal epidermis and SCARA3 in basal cells. These 
data suggest that expression of SR-As in skin depends on the differentiation status and that MARCO 
is the primary receptor for SNA penetration through stratum corneum, although other SR-As may 
promote the rapid transfer of SNAs and other polyanionic molecules through subcorneal epidermis.   
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Transcriptomic profile pattern matching provides evidence of the importance of mitogenic 
signaling in the early response to epidermal barrier damage
RL Binder, MK Robinson, KJ Mills, SM Hartman, R Kainkaryam, J Xu, T Dicolandrea, 
JM Dunavent, JP Tiesman, CC Bascom and RJ Isfort Procter & Gamble, Mason, OH
Transcriptomic data and pattern matching can be used to identify potential therapeutic agents by 
linking clinical conditions to chemicals tested in vitro that tend to reverse the clinical gene expres-
sion profiles. This approach can also provide mechanistic understanding when clinical conditions 
link to drugs with known targets. Here we apply pattern matching to gene expression profiling of 
epidermal barrier disruption. Well-separated sites on the backs of 15 male and 15 female subjects 
were tape stripped to the glistening layer, and then full thickness biopsies were taken 2, 6 and 30 hr 
later with untreated sites serving as controls. RNA was isolated from the epidermis for transcriptomic 
analysis on Affymetrix HG-U219 GeneChips. Barrier disruption caused profound changes in gene 
expression with very similar responses in men and women. At 6 hr after tape stripping more than 
9000 unique transcripts were significant at p<0.0001. Genes involved in formation of the stratum 
corneum including ABDH5, CASP14, CNFN, FLG2, LOR and TGM1 were strongly down-regulated 
at 2 and 6 hr, indicating an initial inhibition of terminal differentiation. We applied two pattern 
matching algorithms to compare the gene expression profiles induced by barrier disruption to a 
library of profiles induced by chemicals in cultured keratinocytes. These analyses revealed that 
inhibitors of epidermal growth factor receptor (EGFR) and other mitogenic signaling (e.g., tyrphostin 
AG-1478 and GW2974) showed strong negative linkages. Also, materials known to affect epidermal 
differentiation, such as calcitriol, linked negatively to the barrier disruption gene expression patterns. 
These results point to the importance of EGFR and mitogenic signaling in the initial response to 
barrier disruption and inhibition of differentiation, and demonstrate the utility of pattern matching 
to provide mechanistic insights and to identify materials that may improve barrier damaged skin.   
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VEGF reverses keratin expression profile of keratinocytes via STAT3, p38 MAPK and Erk1/2 
signaling pathways
M Jiang and G Wang Dermatology, Xijing Hospital, the Fourth Military Medical University, 
Xi’an, China
Psoriatic plaques and serum contain increased levels of VEGF compared with normal skin. The 
elevated level occurs early in the development of the psoriatic lesions and is correlated with 
disease severity, suggesting that VEGF may be involved in the pathogenesis of psoriasis. The bio-
logical dysfunction of keratinocytes (KC) including altered expression of keratins is the key to the 
pathological process. KC express more VEGF receptors in psoriatic lesions. However, it is not 
clear that the relationship of KC dysfunction and abbrant VEGF expression. In the present study 
we investigated the impact of VEGF on the keratin expression profile of KC as well as the mech-
anism involved. Our data suggested that VEGF could alter keratin profile by inducing expression 
of hyperproliferative markers K6&K16 and psoriasis related keratin K17, whereas reducing that of 
differentiative markers K1&K10. In addition, similar expression profile reversion was found in the 
epidermis of VEGF injected mouse skin. As to the regulatory mechanism, STAT3, p38 MAPK and 
Erk1/2 pathways were invovled in the up-regulation of K6,K16&k17 and the regulation could be 
partially suppressed by corresponding small interfering RNA and inhibitor. While Erk1/2 pathway 
was found invovled in the down-regulation of K1&K10 with the same method. The results indicated 
that VEGF could alter keratin expression profile and uncovered more about the role of VEGF in 
the pathophysiological processes of Psoriasis, providing new clues for the understanding of its 
pathogenesis and new treatment of psoriasis.    
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Post-translational modification of SerpinB3/SCCA1 by mesotrypsin in psoriatic skin
A Takeda,1 Y Kamata,2,3 K Kuroda,1 T Nakamura,4 H Maejima,5 A Watarai,5 N Saito,5 
K Katsuoka5 and K Ishihara3 1 Graduate School of Nutritional Sciences, Sagami Women’s 
University, Sagamihara, Japan, 2 Institute for Enviromental and Gender-Specific Medicine, 
Juntendo University Graduate School of Medicine, Urayasu, Japan, 3 Regulation 
Biochemistry, Kitasato University Graduate School of Medical Sciences, Sagamihara, Japan, 
4 Parasaitology, Kitasato University Graduate School of Medical Sciences, Sagamihara, Japan 
and 5 Dermatology, Kitasato University Graduate School of Medical Sciences, Sagamihara, 
Japan
SerpinB3/squamous cell carcinoma antigen 1 (SCCA1) overexpress in psoriatic lesional skin and is 
a valuable biomarker for certain inflammatory condition of disease. It works as cysteine protease 
inhibitor and/or anti-apoptotic effector, but physiological roles in the disease are still unknown. In the 
present study, we detected a new component derived from SerpinB3/SCCA1 in extract of the lesional 
skin obtained by tape-stripping from psoriatic patients. The new component was fractionated from 
the extract of psoriatic skin scales. The molecular mass was same as native SerpinB3/SCCA1 and 
also inhibitory activity was similar to it. The NH2-terminal sequence is determined as the carboxyl 
terminal part cleaved at K69-A70 in C-D interhelical loop. These results indicate the presence of 
the nicked form of SerpinB3/SCCA1 in psoriatic skin. Then, we studied the susceptibility to different 
proteases against the recombinant SerpinB3/SCCA1, the deleted form of C-D interhelical loop, and 
site-directed mutagenized forms. Mesotrypsin cleaved highly and specifically at K69-A70 peptide 
bond, and also it was co-localized with SerpinB3/SCCA1 in psoriatic skin. Furthermore, the deletion 
of C-D interhelical loop from SerpinB3/SCCA1 was disappeared the anti-apoptotic effect on TNF-α 
induced cell death. These results suggest that the C-D interhelical loop in SerpinB3/SCCA1 as well 
as mesotrypsin might play an important role as anti-apoptotic effector in psoriatic skin.    
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A new model of “fragile skin” in vitro on human keratinocytes and reconstructed epidermis
H Hernandez-Pigeon, F Galliano, C Carrasco, H Duplan, N Castex-Rizzi and S Bessou-Touya 
R&D, Pharmacologie in vitro, Pierre Fabre Dermo-Cosmétique, Toulouse, France
A recent study had shown that “fragile skin” is perceived to occur in a substantial proportion of 
individuals from any given country, particularly in the age range of 15–34 years, regardless of skin 
type (Haftek et al., Epidemiology of “fragile skin”: Results from a survey of different skin types. Clin 
Cosmet Investig Dermatol. 2013 Dec 2; 6: 289-294). So far, there is no in vitro model of “fragile 
skin”. The aim of this study was then to develop and characterize cellular and tissue models of 
« fragile skin » using keratinocytes and reconstructed epidermis. We firstly generated models of 
barrier–weakened cells or skin tissue by treatment with sodium dodecyl sulphate (SDS) and we 
secondarily exposed them to an environmental stress of dehydration. The last stressor impact was 
investigated by monitoring the expression of key structural proteins using immunolabelling and the 
secretion of inflammatory cytokines using ELISA. The protective effect of Rhealba® oat plantlets 
extract was evaluated on these models. We observed that in “fragile cells” secondarily exposed to 
a dehydration stress, the IL1α and IL8 productions, were dramatically increased. Barrier function 
was also severely hindered as shown by alteration of the cytosqueleton, a reduction of keratohya-
lin granules in the granular layer and a marked reduction or disorganization of both filaggrin and 
claudin 1 proteins. As compared to individual stresses (SDS treatment or dehydration), the specific 
response obtained with the double-stress could hence be considered as a hallmark of fragile-skin. 
Rhealba® oat plantlets strongly protected against barrier dysfunction and modulated the inflam-
matory response. This extract could be beneficial for preventing the “fragile skin” to move towards 
severe homeostasis imbalance.    
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Ndel1 promotes keratin assembly at desmosomes
Y Kim1 and T Lechler1,2 1 Dermatology, Duke University, Durham, NC and 2 Cell Biology, 
Duke University, Durham, NC
The interaction of desmosomes with keratin filaments provides essential mechanical integrity to the 
epidermis. Despite this, we know little about how keratin organization is controlled and whether 
desmosomes actively promote keratin assembly in addition to binding filaments. We recently dis-
covered that Ndel1 is a desmosome-associated protein in differentiated epidermis. Here, we show 
that loss of epidermal Ndel1 resulted in desmosome defects and skin inflammation. Keratin orga-
nization, including around desmosomes, was disrupted in Ndel1 null cells. We demonstrate that 
Ndel1 binds directly to keratin subunits though a conserved motif, but does not robustly interact 
with filaments. Targeting of Ndel1 to mitochondria resulted in robust reorganization of keratin 
filaments around these organelles. Lis1, a Ndel1 binding protein, was required for desmosomal 
localization of Ndel1, but not keratin filament assembly. Our data thus identify Ndel1 as a protein 
that promotes local assembly of keratin filaments at the desmosomes, which is essential for robust 
cell adhesion and epidermal barrier function.    
Epidermal Structure & Barrier Function | ABSTRACTS
www.jidonline.org   S65
372
An in vivo transgenic approach to dissect the isoform-specific activity of the transcription 
factor p63
S Sinha and R Romano Biochemistry, State University of New York at Buffalo, Buffalo, NY
The p63 family of transcription factors plays a crucial role in cell fate decisions for stratified epi-
thelium such as those in the epidermis of the skin. The biological function of p63 is mediated by 
multiple functionally distinct isoforms that are generated from a complex genomic structure. Over 
the years isoform-specific mouse knockouts have helped tease apart the specific biological role of 
TAp63 and ΔNp63 - the two major N-terminal variants. In contrast the relative expression levels and 
biological role of the C-terminal spliced variants (p63α, β, and γ) have not been carefully examined 
thus far, in part due to technical challenges in generating mouse models that specifically target the α, 
β, or γ forms. Interestingly, our recent RNA-seq analysis of mouse epidermis has revealed that the in 
vivo expression profile of p63 isoforms is quite complex and that the SAM-domain deficient ΔNp63β 
and ΔNp63γ isoforms show dynamic expression and hence likely to be biologically relevant. To 
specifically examine the function of ΔNp63β we have generated inducible transgenic mice with 
targeted expression of ΔNp63β to skin keratinocytes. We show that sustained induction of ΔNp63β 
in transgenic skin leads to a remarkable skin phenotype that includes epidermal hyperplasia and 
aberrant keratinocyte differentiation accompanied by a barrier function defect. Consistent with 
these changes, ΔNp63β transgenic mouse skin shows marked alterations in many genes involved 
in keratinocyte development, differentiation and barrier function acquisition. Furthermore, ChIP 
experiments with keratinocytes show that a large number of genes located in the epidermal differ-
entiation complex (EDC), which encodes for essential components for epidermal barrier function 
are under the direct transcriptional control of ΔNp63β. Together, our data reveal for the first time 
a functionally important role for ΔNp63β in the skin epidermis and suggests that the diversity of 
isoforms and their intrinsic and distinct biochemical properties should be taken into account to 
better understand the overall physiological function of p63.    
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Pigmented skin displays a higher threshold for the development of inflammation
M Man,1 T Lin,2 J Santiago,3,4 JP Sundberg,5 KA Silva,5 C Cheung,1 M Hupe1 and P Elias1 1 
Dermatology, VA Med Center/UCSF, San Francisco, CA, 2 Dermatology, Natl Cheng Kung 
Univ Med College/Hospital, Tainan, Taiwan, 3 Dermatology, Hospital del Mar-IMIM/Univ 
Auto de Barcelona, Barcelona, Spain, 4 R&D, ISDIN, Barcelona, Spain and 5 Exp Derm/
Mouse Pathology, Jackson Laboratory, Bar Harbor, ME
Prolonged defects in permeability barrier function lead to the development of inflammatory der-
matoses, including allergic contact dermatitis and atopic dermatitis (AD). Humans with darkly-pig-
mented skin (Fitzpatrick Type IV/V, DS) display superior permeability barrier function and stratum 
corneum (SC) integrity/cohesion in comparison to humans with lightly-pigmented (Type I/II, LS) 
skin, independent of ethnicity, and barrier function is inferior in involved vs. uninvolved skin of 
vitiligo patients, as well as in hairless albino (Skh1) vs. hairless pigmented (Skh2) mice. In addition, 
AD skin, which is often colonized with S. aureus, expresses lower levels of antimicrobial peptide, 
LL-37. We evaluated here whether inflammatory thresholds and antimicrobial peptide expression 
differ in non-pigmented vs. pigmented mouse skin in both irritant and allergic contact dermatitis 
murine models. Skh2 displayed fewer changes in function than did Skh1 mice after either irritant 
(TPA) or allergic (oxazolone challenges) contact dermatitis. The lesser changes in SC function 
correlated with reduced epidermal hyperplasia and inflammatory cell infiltration in pigmented 
mouse mice. Finally, epidermal cathelicidin-related antimicrobial peptide (CAMP) expression was 
enhanced in the epidermis of Skh2 mice in both the irritant and allergic contact dermatitis models. 
Together, these studies demonstrate that pigmented skin displays a higher inflammatory threshold, 
in comparison to non-pigmented skin, as well as enhanced innate immunity.    
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snRNAs released by UV damage induce expression of skin barrier repair genes and are 
influenced by apoptosis and necroptosis
AW Borkowski, MR Williams and RL Gallo University of California, San Diego, La Jolla, CA
Mechanisms regulating skin barrier repair have been incompletely characterized. TLR3 is important 
for regulating inflammatory responses in the skin following UV exposure as it recognizes noncoding 
RNAs such as small nuclear RNAs (snRNA) that are released from necrotic cells after UVB exposure. 
TLR3 has also been associated with activation of barrier repair. We therefore hypothesized host 
snRNAs could be a signal to initiate barrier repair gene expression after UV damage. Since the 
snRNAs U1, U2, U4, U6, U12, scaRNA9 and scaRNA18 are increased in keratinocytes after UV 
exposure, we synthesized these to test their specific effects on normal human epidermal keratino-
cytes (NHEK). These NHEK were used to represent the undamaged neighboring cells responsible 
for barrier repair in normal skin. When snRNAs were added to culture media of NHEK for 24 hrs, 
all induced expression of ABCA12, GBA, SMPD1, TGM1, TNF, and IL-6 (p<0.05). Furthermore, 
we hypothesized that inhibiting apoptosis or necroptosis would shift the effects of UVB towards 
more necrosis and lead to the release of more RNA to trigger TLR3. To test this, cells were treated 
with apoptosis or necrosis inhibitors prior to exposure to 15 mJ/cm2 UVB light. If UVB-treated 
NHEKs were also treated with the apoptosis inhibitor Z-VAD-FMK, they induced normal NHEK 
to have greater expression of ABCA12 (1.48-fold; P < 0.05), GBA (1.27-fold; P < 0.05), SMPD1 
(1.41-fold; P < 0.05), and TGM1 (2.23-fold; P < 0.05) than if UVB-cells were not pretreated with 
apoptosis inhibitors. Following necroptosis inhibition in UV-cells by Necrostatin-1, transcripts were 
also significantly higher for ABCA12 (1.43-fold; P < 0.05) and TGM1 (2.04-fold; P < 0.05). We 
conclude that snRNAs are a signal of barrier repair after UV damage, and apoptosis and necroptosis 
can partially limit activation of TLR3.    
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Topical application of recombinant filaggrin restores the skin barrier function in filaggrin-de-
ficient mice
MA Parker,1 TJ McFarland,1 M Hartzell1 and JT Stout2 1 Oregon Health and Science 
University, Portland, OR and 2 Baylor College of Medicine, Houston, TX
Purpose: Loss-of-function mutations in the filaggrin (FLG) gene are associated with barrier dysfunc-
tion. Filaggrin deficiency results in increased epidermal water loss and is associated with atopic 
dermatitis. Despite a number of medications, no curative treatment exists. The purpose of the study 
is to evaluate the skin barrier function of filaggrin deficient mice following treatment with topically 
applied recombinant filaggrin protein linked to a cell-penetrating peptide motif (mFLG+RMR). 
Methods: Dorsal skin of filaggrin-deficient mice was treated with 50ug of mFLG+RMR daily for 14 
days. Control animals received applications without protein. Skin barrier function was evaluated by 
measurement of the transdermal water loss (TEWL). A time course experiment was set up to detect 
the presence of processed filaggrin monomers. Dorsal skin of filaggrin deficient mice was harvested 
1, 2, 4, 6, 12 and 24 hours after the application of 50ug mFLG+RMR. Western blot analysis with 
a polyclonal antibody directed against filaggrin was performed. Results: TEWL was significantly 
lower in the treated group compared to the control group on days 3, 4, 5, 8, 10, 11 and 12 (p= 
0.046 or less). There was no significant difference in TEWL measurements between treated and 
control groups by the end of the study. TEWL measurements in treated animals were similar to the 
measurements in wild type mice on days 3, 4, 7, 8 and 9. Western blot analysis showed strong 
presence of filaggrin monomers (28kDa) of 1 and 2 hours after application with decreasing expres-
sion at 12 and 24 hours. Histological analysis of the dorsal skin in animals within the treated group 
showed phenotypic restoration compared to the control animals. Conclusion: Topical application 
of recombinant filaggrin to filaggrin-deficient mice can reverse the skin water loss and restore the 
skin barrier function. Treatment with the recombinant filaggrin may be beneficial for people with 
skin diseases associated with filaggrin deficiency.    
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Abnormal barrier function in uninvolved skin supports epidermal pathogenesis of psoriasis
L Ye,1 G Man,2 S Song,1 C Lv,1 M Man2 and PM Elias2 1 Dermatology, Dalian Skin Disease 
Hospital, Liaoning, China and 2 Dermatology, VA Med Center/UCSF, San Francisco, CA
Background/objectives: Although psoriasis is generally considered an autoimmune disorder, recent 
evidence suggests that mutations in proteins required for epidermal permeability barrier function 
could contribute to its etiopathogenesis. If so, one would expect to find abnormalities in epidermal 
barrier function in uninvolved sites of psoriasis. Here, we compared epidermal permeability barrier 
function, as well as other key epidermal functions (i.e., stratum corneum (SC) hydration and SC 
pH), in uninvolved and involved skin of psoriasis, as well as in a large cohort of non-psoriatic 
Chinese. Methods: A total of 44 psoriatic patients, including 25 with stable and 19 with progressive 
disease, as well as 64 normal controls were enrolled in this study. A multifunctional skin physiology 
monitor (C&K MPA 5) was used to measure SC hydration, SC pH and transepidermal water loss 
(TEWL) on the forearms. All studies were performed in February and March of 2012, and October 
of 2013. Results: Basal TEWL readings were significantly higher in stable and progressive lesions 
in comparison to normal controls (p<0.001). But only stable involved skin displayed a significant 
delay in barrier recovery (p<0.05). Moreover, in comparison with normal controls, barrier recovery 
rates were delayed not only in involved sites, but also in uninvolved skin of progressive psoriasis. 
Furthermore, SC pH was higher than normal in stable and progressive lesions, as well as unin-
volved skin of progressive psoriasis (p<0.001). Finally, SC hydration was lower in both stable and 
progressive psoriatic lesions than in normal controls (p<0.001). Conclusion: Since both involved 
and uninvolved skin sites exhibit alterations in epidermal function, these results support an “out-
side-to-inside” pathogenesis of psoriasis.    
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Hesperidin prevents glucocorticoid-induced abnormalities in epidermal barrier function by 
stimulating mitogenesis, differentiation and acidification
G Man,1 T Mauro,1 P Kim,1 M Hupe,1 Y Zhai,1 R Sun,1 D Crumrine,1 C Cheung,1 A Nuno-
Gonzalez,2 PM Elias1 and M Man1 1 Dermatology, VA Med Center/UCSF, San Francisco, CA 
and 2 Dermatology, Hosp Univ Fund Alcorcon, Madrid, Spain
Systemic and topical glucocorticoids (GC) cause significant adverse effects not only in the dermis, 
but also on epidermal structure and function. In epidermis, topical GC produce striking alterations in 
permeability barrier function, attributable to an inhibition of epidermal mitogenesis, impaired differ-
entiation, and reduced lipid production. Since our prior studies in normal hairless mice demonstrated 
that topical applications of hesperidin, a flavonoid ingredient found in citrus, improve epidermal 
barrier function by stimulating epidermal proliferation and differentiation, we assessed here whether 
topical hesperidin could prevent the emergence of GC-induced abnormalities in epidermal function 
in murine skin, and the basis for such effect. When hairless mice were treated topically with GC 
and either 2% hesperidin or vehicle twice-daily for 9 days, hesperidin co-applications prevented 
the expected GC-induced alterations in epidermal permeability barrier homeostasis and stratum 
corneum acidification. These preventive effects could be attributed to a significant increase in 
filaggrin expression, enhanced epidermal β-glucocerebrosidase activity, and accelerated lamellar 
bilayer maturation, the last two likely attributable to a hesperidin-induced reduction in stratum 
corneum pH. Furthermore, co-applications of hesperidin with GC largely prevented the expected 
GC-induced inhibition of epidermal proliferation. Finally, topical hesperidin increased epidermal 
glutathione reductase mRNA expression, a change that could counteract multiple negative effects 
of GC on epidermis. Together, our results show that topical hesperidin prevents GC-induced epi-
dermal side effects by stimulating epidermal proliferation, differentiation, lipid processing and 
antioxidant activity.    
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Topical hesperidin enhances epidermal function in aged murine skin
G Man, T Mauro, P Kim, M Hupe, D Crumrine, Z Zhai, C Cheung, K Feingold, PM Elias and 
M Man Dermatology, VA Med Center/.UCSF, San Francisco, CA
Aged skin suffers from compromised epidermal permeability barrier homeostasis, in part due to 
reduced epidermal proliferation, impaired differentiation and abnormal stratum corneum (SC) 
acidification. Our previous studies demonstrated that topical hesperidin: i) improves epidermal 
permeability barrier homeostasis in young mice, in part by stimulating epidermal proliferation 
and differentiation; and ii) prevents glucocorticoid-induced abnormalities in SC acidification. We 
asked here whether topical applications of hesperidin could improve epidermal permeability barrier 
function in aged mouse skin and what the responsible mechanisms are. Specifically, we assessed 
the influence of topical applications of hesperidin on epidermal permeability barrier function in a 
moderately aged (12-15 month old) murine model, which displays abnormalities in barrier function 
and SC acidification (Choi et al. JID, 2007;127: 2847-56). Hairless mice were treated topically with 
either 2% hesperidin or vehicle (70% ethanol) alone twice daily for 9 days. Multiple epidermal 
functions, including barrier recovery kinetics, were assessed with an MPA5 physiology monitor. 
Our results show that topical applications of hesperidin lowered skin surface pH and significantly 
accelerated barrier recovery in aged murine skin. Improved barrier function correlated with an 
up-regulation of filaggrin and loricrin expression, as well as with an increased expression of lipid 
synthetic enzymes both in vivo and in vitro. Moreover, topical hesperidin also significantly increased 
expression of the epidermal antimicrobial peptide, mBD3, homologue of hBD2, and two genes; i.e. 
NHE1 and sPLA2g2f, that regulate SC acidification. These results indicate that topical applications 
of hesperidin reverse the functional abnormalities, suggesting that hesperidin could be useful for 
treating and/or preventing these functional abnormalities that accompany skin aging.    
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Structural and functional impairment of epidermis and sebaceous glands is associated with 
keratosis pilaris
J Sugarman,1 R Gruber,2 D Crumrine,3 M Hupe,3 E Mauldin,4 J Thyssen,5 M Schmuth2 
and P Elias3 1 Dermatology, UCSF, San Francisco, CA, 2 Dermatology and Venereology, 
Innsbruck Medical University, Innsbruck,, Austria, 3 Department of Veterans Affairs Medical 
Center, UCSF, San Francisco, CA, 4 Pathobiology, University of Pennsylvania, Philadelphia, 
PA and 5 Dermato-Allergology, University of Copenhagen, Copenhagen, Denmark
Keratosis pilaris (KP) is a very common skin disorder of keratinization but surprisingly little is known 
about its pathogenesis. The purpose of this study was to analyze the structural, functional and 
genetic aberrations associated with KP. Twenty adult subjects with KP and 20 control subjects were 
analyzed. Functional evaluation of skin permeability barrier was performed in all study subjects 
revealing abnormal (increased) TEWL in those with KP vs controls. Lanthanum perfusion assays 
revealed abnormal paracellular permeability in both interfollicular and follicular stratum corneum 
(SC) in KP vs controls. 35% KP patients displayed mutations in FLG compared with only 5% of 
the controls. Light microscopy revealed epidermal hyperkeratosis, restrained acanthosis, marked 
plugging of individual follicular orifices, absence of sebaceous glands, and mild dermal lymphocytic 
infiltration in all KP specimens, regardless of FLG mutation status. We found abnormalities in the 
maturation and supramolecular organization of the extracellular lamellar bilayer system, assessed 
by electron microscopy, using both osmium tetroxide and ruthenium tetroxide postfixation. In all 
control subjects, lamellar body- derived membrane structures were secreted at the SC interface and 
mature lamellar bilayers appeared one cell layer above the SC interface in both the interfollicular 
epidermis and the infundibulum. In contrast, in the SC of KP subjects, membrane arrays were dis-
rupted by nonlamellar domains. Additionally, there was evidence of delayed processing of secreted 
lipids, with immature lamellar material admixed with mature bilayers. Our studies suggest that KP 
is not simply a variant of atopic dermatitis or ichthyosis vulgaris, but a distinct disease entity with 
unique pathogenic features.    
380
Dlx3-PKC interplay drives skin differentiation by controlling cell cycle in keratinocytes
E Palazzo,1 MD Kellett,1 A Gormley,1 PW Bible,1 V Pietroni,1 N Radoja,1 M Blumenberg,3 
J Kim,1 C Cataisson2 and M Morasso1 1 Laboratory of Skin Biology, NIH, NIAMS, Bethesda, 
MD, 2 Laboratory of Cancer Biology and Genetics, NIH, NCI, Bethesda, MD and 3 
Department of Dermatology, New York University, New York, NY
Regulated control of cell cycle phases during keratinocyte proliferation maintains epidermal homeo-
stasis and allows differentiation. In this context, we show how the homeobox transcription factor 
Dlx3 represents a key factor; given that its expression in cultured keratinocytes promotes alterations 
that affect the control of chromosomal replication, mismatch repair and G1/S and G2/M DNA dam-
age checkpoint regulation pathways. Dlx3 can modulate gene expression by a direct transcriptional 
control of p21waf1 during differentiation. Dlx3 transcription is positively dependent on PKCα in 
response to calcium or 12-O-tetradecanoylphorbol-13-acetate (TPA). Moreover, in a conditional 
Dlx3 KO mouse model (Dlx3cKO) PKCα activity is increased, with a higher suprabasal proliferation 
and late differentiation marker expression that mimics TPA treated skin. By genome-wide analysis, 
we show that the absence of Dlx3 exacerbates TPA response by primarily affecting cyclins and 
MAPK kinases. Interestingly, the application of a PKC inhibitor can rescue the epidermal phenotype 
of the Dlx3cKO mice. Through a global transcriptional analysis, we found that PKC inhibition in 
Dlx3cKO re-established the down-regulated p53-related cell cycle pathways in vivo and in vitro 
and induces a more efficient epidermal turnover. These results identify Dlx3 as crucial element 
for PKCα-dependent keratinocyte differentiation and might define Dlx3 as essential for the control 
replication of epidermal cells.    
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Building a better tight junction barrier by targeting epidermal Eph receptors
R Ventrella, BE Perez White, K Xia, N Kaplan, H Peng, RM Lavker and S Getsios 
Dermatology, Northwestern University, Chicago, IL
Tight junctions assembled in the granular layer help support the epidermal barrier in concert with the 
overlying stratum corneum but little is known about how tight junctions are regulated in human skin. 
We questioned whether an Eph/ephrin signaling pathway that serves as a positive regulator of kera-
tinocyte differentiation might enhance epidermal tight junction and barrier characteristics. Towards 
this aim, normal human epidermal keratinocytes (NHEKs) were treated with a soluble ephrinA ligand 
mimetic that targets EphA receptors; this not only restricted clonal growth capacity and triggered 
differentiation but also increased the expression levels and membrane association of tight junction 
components (Claudin-1, Claudin-4, Occludin, and ZO-1). Accordingly, transepithelial electrical 
resistance (TEER) of confluent epidermal sheets was increased by ephrin treatment indicative of 
enhanced tight junction function. Moreover, in NHEKs pre-treated with a combination of EGF and 
IL-1α as a means to recapitulate aspects of the wound healing and inflammation microenvironment, 
ephrin delivery restored tight junction protein expression and function. A 3-D organotypic model 
of human epidermis was also exposed to these pro-inflammatory cytokines and wound-associated 
growth factors; this disrupted tight junctions and led to the formation of abnormally thick stratum 
corneum with incomplete collapse of the keratin filament matrix. Ephrin delivery was capable 
of normalizing these epidermal defects in the 3-D human skin culture model of inflammation. 
Our findings reveal Eph/ephrins as novel upstream regulators of epidermal tight junctions. Ephrins 
may prove useful for dampening inflammatory responses and restoring homeostasis during wound 
healing and in skin disorders such as atopic dermatitis and psoriasis.    
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The protein arginine methyltransferase PRMT1 acts with the CSNK1a1 kinase to enforce the 
epidermal progenitor state in vivo
X Bao,1 B Zarnegar,1 A Mah,1 K Qu,1 S Tao1 and P Khavari1,2 1 Dermatology, Stanford 
University, Stanford, CA and 2 VA, Palo Alto, CA
Protein arginine methylation regulates protein-protein, protein-DNA, and protein-RNA interactions 
by modulating hydrogen bond formation from the unique guanidium groups of arginine residues. 
To investigate the roles of protein arginine methylation in epidermis, we combined expression 
analysis of all known protein arginine methyltransferases together with genetic loss-of-function in 
vivo, and identified PRMT1 as an essential mediator of epidermal progenitor maintenance. PRMT1 
expression is enriched in epidermal progenitors and decreases during differentiation. Ablation 
of epidermal PRMT1 by both murine conditional knockout and by RNAi-mediated depletion in 
organotypic human epidermal tissue severely impaired epidermal proliferation and self-renewal. 
PRMT1 controlled expression of 12.9% of the genes that change during epidermal differentiation, 
with its loss down-regulating epidermal progenitor genes and inducing differentiation. To define 
the mechanism of PRMT1 action, we performed tandem affinity purification followed by mass 
spectrometry to identify 38 PRMT1-interacting proteins in epidermis. 31 of these interactors are 
novel, including the CSNK1a1 kinase, which is known to be essential for mammalian develop-
ment. CSNK1a1 depletion phenocopied PRMT1 loss, including at the level of gene regulation 
(p<10-116). Intact catalytic domains of both PRMT1 and CSNK1a1 were required for epidermal 
progenitor maintenance, and pharmacologic inhibitors of both enzymes abolished epidermal pro-
genitor function. Biochemical and proximity ligation analyses indicated that PRMT1 and CSNK1a1 
directly associate with each other in the nucleus, and that PRMT1 is a substrate of CSNK1a1. PRMT1 
ChIP-seq and subsequent integrative analysis of target genes identified E2F family transcription 
factors as key candidate targets of PRMT1-CSNK1a1 action. These data indicate that the crosstalk 
between phosphorylation mediated by CSNK1a1 and methylation mediated by PRMT1 is essential 
for sustaining epidermal self-renewal.    
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A novel selective inhibitor of CYP26A1 potentiates the effect of a nanomolar concentration 
of retinoic acid in keratinocyte and reconstructed epidermis
CM Keyari,2 B Buttrick,3 S Cordier-Dirikoc,4 F Astruc-Diaz,1,2 N Guilloteau,1 V Hamon,4 
F Bernard,4 N Isoherranen3 and P Diaz1,2 1 Dermaxon, Missoula, MT, 2 BMED, University of 
Montana, Missoula, MT, 3 Department of Pharmaceutics, University of Washington, Seattle, 
WA and 4 BIOalternatives, Gençay, France
Retinoic acid (RA) derivatives are known to normalize deregulated proliferative activity of kerati-
nocyte providing a reasonable therapeutic strategy for dermatological conditions. The clearance of 
RA is predominantly mediated by cytochrome P450 family 26 enzymes (CYP26). RA and synthetic 
retinoids induce the expression of CYP26 enzymes, resulting in a decreased concentration of RA. 
Inhibition of CYP26 enzymes and RA clearance is an attractive therapeutic strategy due to resulting 
increased RA concentrations. However, the CYP26 family has three isoforms: CYP26A1, CYP26B1 
and CYP26C1. RA metabolism blocking agents that inhibit CYP26s have been previously developed. 
Among them, liarozole demonstrated a 100-fold greater potency towards CYP26B1 than CYP26A1. 
Oral and topical treatments with liarozole, causes substantial clinical improvement in patients with 
ichthyosis. We have designed and synthesized a CYP26A1/B1 dual inhibitor, a selective CYP26B1 
inhibitor, and a selective CYP26A1 inhibitor. We have studied the effects on gene expression of 
RA, and RA in combination with our CYP26 inhibitors in keratinocytes cultures and reconstructed 
epidermis. When the selective CYP26A1 inhibitor was combined with RA (10-9 M), the expression 
of differentiation markers were modulated similarly to the effects obtained with a higher concentra-
tion of RA, whereas the CYP26B1 inhibitor had almost no effect. Our data show that the CYP26A1 
selective inhibitor potentiates the effect of a low concentration of RA. Hence, selective inhibition 
of CYP26A1 increases RA concentrations in the skin and could provide a therapeutic advantage in 
ichthyosis without side effects associated with non-specific inhibition of other CYP26s induced by 
previously described non-specific CYP26 inhibitors.    
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Characterization of biological effects induced by air pollution particulate matter from Shang-
hai (China) in normal human epidermal keratinocytes in culture
M Yu,1 C Qu,1 L Overloop,2 D Yarosh3 and L Declercq2 1 Estée Lauder (Shanghai) 
Commercial Co Ltd, Shanghai, China, 2 Estée Lauder Companies, Oevel, Belgium and 3 Estée 
Lauder Companies, Melville, NY
Particulate matter (PM), one of the main components of pollution particles, represents an important 
source of environmental stress to which the skin is exposed. Clinical and epidemiological studies 
suggested that air pollution exposure was significantly correlated to extrinsic skin aging signs. 
However, the underlying mechanisms of action by which PM induces skin effects are still unclear. 
We collected total suspended particulate matter (TSP) and PM2.5 from Shanghai. In the present 
study, the biological impact of TSP and PM2.5 were assessed in normal human keratinocytes in cell 
culture. The results showed inhibition of cell proliferation, increased oxidative stress and induction 
of DNA damage in response to treatment of keratinocytes with TSP and PM 2.5 particles. In addition, 
we also found that PM2.5 could increase expression and enzymatic activity of CYP1A1, which 
suggested activation of AHR pathway. In conclusion, these studies show the mechanism by which 
TSP and PM 2.5 air pollution particles collected in Shanghai can affect human skin cells and may 
mediate the air pollution-induced accelerated skin aging.    
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Stratum corneum barrier integrity and cohesion is not directly related to pigmentation of 
humans living in South Africa
R Voegeli,1 AV Rawlings2 and B Summers3 1 DSM Nutritional Products Ltd., Kaiseraugst, 
Switzerland, 2 AVR Consulting Ltd., Northwich, United Kingdom and 3 Medunsa Campus, 
UL, Medunsa, South Africa
Current thinking is that stratum corneum (SC) barrier function is stronger in darker skin phenotypes 
because of a more compact and cohesive SC related to the pigmentary process and the differences 
in desquamatory enzyme activity. However, there are no studies to investigate facial SC barrier 
function in Albino African individuals to build on the pigmentary hypothesis. We compared three 
age-matched female groups living in Pretoria, South Africa: normally pigmented Black Africans, 
Albino Africans and Caucasians (n=20 for each group). Basal TEWL, SC barrier integrity, SC cohe-
sion and SC barrier repair capacity were assessed on photodamaged cheeks and photoprotected 
post-auricular sites. Nine consecutive tape strippings were taken on each site. The Albino African 
subjects had higher basal TEWL on both facial sites than the other two groups (p<0.001) but there 
was no statistical difference between the Black African and Caucasian subjects. Surprisingly, the 
Albino African group showed a superior SC integrity. TEWL was increased after the 9th tape stripping 
compared to baseline by 224% vs. 464% of the Black African subjects (p<0.01) and by 564% of the 
Caucasian subjects (p<0.001) on the cheek and by 158%, 285% and 266% (p<0.05 each) on the 
post-auricular area. Moreover, 24h post tape stripping, the Albino African group showed a superior 
barrier repair capacity. TEWL was increased compared to baseline by 137% vs. 264% for the Black 
African (n.s.) and by 300% for the Caucasian subjects (p<0.01) on the cheek and by 107%, 185% 
and 194% on the post-auricular area (p<0.05 each). Unexpectedly, SC cohesion did not reveal 
any significant differences between the three groups on either facial site tested. In the subjects 
examined, skin pigmentation seems not to play a key role in facial SC barrier integrity and repair 
capacity. Although the Albino African subjects had significant facial photoaging, their SC barrier 
integrity and barrier repair capacity was superior to their Black African and Caucasian counterparts.   
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Strategies to overcome the skin barrier function for the targeted delivery of ibuprofen
A Patel and M Lane Pharmaceutics, UCL School of Pharmacy, London, United Kingdom
Ibuprofen (IBU) a non-steroidal anti-inflammatory drug is applied topically for the short term man-
agement of musculoskeletal conditions. The purpose of the present work was to employ rational 
formulation design to overcome the skin’s barrier function and maximise the delivery of topical 
IBU. Excipients were screened for their suitability as formulation components and subsequently, 
volatile spray formulations were developed with an IBU concentration of 5% (w/w). In vitro per-
meation experiments were conducted with Franz cells and human skin to determine the efficacy of 
all formulations over 48h. The applied dose of formulation was 3.6μl/cm2 to simulate the amounts 
of formulation applied clinically. Formulations were also evaluated for their performance using 
human volunteers with appropriate ethical approval and informed consent. IBU levels in skin were 
examined with Confocal Raman Spectroscopy (CRS). A commercial formulation was also used as 
a comparator. When combined with 2-propanol, dipropylene glycol (DPG) and propylene glycol 
(PG) enhanced the permeation of IBU compared with the commercial formulation. This may be 
due to the relatively fast permeation and clearance of these solvents from the skin. The maximum 
cumulative amount of IBU permeated over 48h for the in vitro studies were obtained for the formu-
lation containing DPG (38.0±26.3μg/cm2). The minimum cumulative amount was for formulations 
containing polyethylene glycol (PEG) 300 (8.3±3.7μg/cm2). The fastest delivery of IBU in vitro, 
reflected by the lag time before permeation, was observed for formulations containing PG (3±1h), 
while the slowest was with formulations containing PEG 300 (9±2h). The CRS results for in vivo 
delivery of IBU are consistent with the in vitro results. The findings underline the importance of the 
vehicle in dermatological formulations which has not yet been fully explored. In vitro studies were 
more sensitive to vehicle composition than in vivo studies due to experimental design or inherent 
human variability. The results provide further confidence in the application of CRS for determination 
of topical formulation efficacy.    
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Decreased stratum corneum transglutaminase activity in capsaicin positive, self-perceived 
sensitive skin
AV Rawlings,1 D Imfeld,2 S Doppler2 and R Voegeli2 1 AVR Consulting Ltd., Northwich, 
United Kingdom and 2 DSM Nutritional Products Ltd., Kaiseraugst, Switzerland
Approximately 50% of females living in Japan, Europe and the US perceive themselves as hav-
ing sensitive skin. Studies suggest that impaired stratum corneum (SC) barrier function, reduced 
corneocyte size, changes in ceramide subtypes and up regulation of epidermal nerve fibers occur 
in this condition. Poor SC maturation has been associated with a variety of barrier compromised 
skin conditions and our aim was to investigate if SC transglutaminase activity is associated with 
sensitive skin. Forty-eight female Caucasian subjects (30-52 yrs old) with self-perceived sensitive 
skin and with a facial TEWL >15/g/m2/h participated in the study and of these 52% were sensitive 
to capsaicin. There were no significant differences between the capsaicin sensitive and non-cap-
saicin sensitive subjects in terms of visual assessment of facial skin condition and bio-instrumental 
measurements (skin capacitance, TEWL, SC cohesion and SC barrier integrity). On examination of 
SC transglutaminase activity by measuring 5-(biotinoamido)pentylamine incorporation into N,N’–
dimethyl casein, SC transglutaminase activity was decreased by 48% (p<0.001) in the capsaicin 
positive self-perceived sensitive subjects. We believe that the lowered SC transglutaminase activity 
is associated with a micro-impairment in the maturation and structure of the SC leading to a greater 
penetration of capsaicin.    
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Does filaggrin deficiency alter epidermal tight junctions and tissue inflammation?
LA Beck,1 S Fridy,1 T Yoshida,1 I Kuo,1 M Oyoshi,2 DY Leung,3 R Geha2 and A De Benedetto1 
1 Dermatology, University of Rochester Medical Center, Rochester, NY, 2 Pediatrics, Harvard 
Medical School, Boston, MA and 3 Pediatrics, National Jewish Health, Denver, CO
Filaggrin (FLG) mutations have been strongly associated with Atopic Dermatitis. Reduced expression 
of FLG has been linked to impaired stratum corneum (SC) integrity, reduced skin hydration and 
enhanced local immune responses to antigens/haptens. To determine the effect that FLG-deficiency 
has on epidermal Tight Junctions (TJ) and skin immunologic features we studied the FLG-deficient 
mice (flaky tail [ft/ft]) which were backcrossed onto BALB/c to remove the matted tail (ma) mutation. 
To assess global epidermal barrier integrity we measured Trans Epidermal Water Loss (TEWL), 
pre- and post-tape stripping (every two weeks for two months to replicate chronic skin injury), and 
the TJ specific assays at baseline: trans-epithelial resistance (TER) and permeability to fluorescein. 
Appearance of key TJ components, Claudin1 and ZO-1, was assessed by 2D confocal microscopy. 
Cutaneous mRNA expression of inflammatory cytokines (IL4, IL13, IL17A, IFNγ, TSLP, IL1β) was 
evaluated pre-tape stripping and serum IgE pre- and post-tape stripping. No epidermal barrier dys-
function was detected in FLG-deficient mice pre- or post-tape stripping. A discontinuous Claudin1 
and ZO-1 staining pattern was observed in the FLG-deficient mice. Of note, Claudin1 expression 
was reduced in all suprabasal layers. IL17A was higher in the unperturbed skin of FLG-deficient 
mice (p=0.037; n=3-4/group). After repeated tape stripping, serum IgE significantly increased in the 
FLG-deficient mice (468±100 to 1701±280 ng/ml; p=0.01; n=4-5/group). This study demonstrates 
that FLG-deficient mice have an alteration in the appearance of their TJ. These changes did not 
compromise the barrier function as measured by TEWL, TER and permeability. FLG-deficiency was 
also associated with an enhanced cutaneous expression of IL17A at baseline and a remarkable 
increase in serum IgE after chronic injury.    
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Acute barrier perturbation causes ER Ca2+ release, sustained cytosolic Ca2+ increase, and 
desmosome remodeling
A Celli,1 R Sun,1 D Crumrine,1 N Lu2 and T Mauro1 1 Dermatology, UCSF-SFVAMC, San 
Francisco, CA and 2 R&D, Unilever, Trumbull, NJ
A hallmark Ca2+ gradient exists in both healthy human and murine epidermis that is dependent on 
a competent epidermal barrier. Recent studies from our group have provided evidence supporting 
the role of intracellular Ca2+ stores as the main components of the epidermal Ca2+ gradient. Here 
we first tested the hypothesis that changes in ER Ca2+ direct Ca2+ fluxes, both intracellular and 
extracellular, which in turn control desmosome morphology and barrier repair. We used both 
optical and electron microscopy to monitor the Ca2+ gradient in ex vivo human skin samples after 
acute barrier perturbation by either tape stripping or acetone lipid extraction. Human epidermal 
equivalents (HEE) transfected with the ER targeted Ca2+ sensor D1ER were used to monitor the ER 
Ca2+ profile in HEE at baseline and after perturbation. Morphological analysis of epidermal sections 
immediately after perturbation revealed widened intercellular spaces, and loss of the desmosomal 
core in desmosomes in the SG and SS. Between 1 and 10 minutes after barrier perturbation, we 
found an unreported ten-fold increase in SG Ca2+ of ex vivo human epidermis. In parallel, we found 
that SG ER Ca2+ levels dropped immediately after barrier break, confirming our hypothesis that 
ER Ca2+ release is signaled early during barrier break and repair. ER Ca2+ levels are then restored 
above baseline within 30 minutes. These data, by presenting direct evidence of ER Ca2+ signaling 
during barrier break and repair, show that the Ca2+ gradient is actively, rather than passively 
as previously reported, and dynamically regulated following barrier abrogation. Moreover, they 
provide additional information on the role of ER Ca2+ signaling in the epidermis, which recent 
evidence links to regulation of desmosomal adhesion states through PKC activation, focal adhesion 
turnover, cell migration and differentiation through ORAI1 dependent Store Operated Ca2+ Entry, 
itch through PAR2 activation.    
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Palmitoylation of plakophilin is required for desmosome assembly
BJ Roberts and JK Wahl Oral Biology, University of Nebraska Medical Center College of 
Dentistry, Lincoln, NE
Desmosomes are prominent adhesive junctions found linking epidermal keratinocytes as well as 
cardiomyocytes in cardiac muscle. In this adhesive junction, the cytoplasmic domain of desmosomal 
cadherins interact with a host of desmosomal plaque proteins, including plakophilins, plakoglobin 
and desmoplakin, that in turn recruit the intermediate filament cytoskeleton to sites of cell-cell 
contact. Linkage of the intermediate filament cytoskeletal systems between adjacent cells and allow 
cells in the tissue to function coordinately to withstand mechanical stress. While the individual 
components of the desmosome are mostly known, mechanisms regulating the assembly of this 
junction are poorly understood. Protein palmitoylation is a posttranslational lipid modification 
that plays an important role in protein trafficking and function. Here, we demonstrate that multiple 
desmosomal components are palmitoylated in vivo. Pharmacologic inhibition of palmitoylation 
results in disruption of desmosome assembly at cell-cell borders. We mapped the site of plako-
philin palmitoylation to a conserved cysteine residue present in the armadillo repeat domain and 
mutation of this single cysteine residue prevents palmitoylation, disrupts plakophilin incorporation 
into the desmosomal plaque and prevents plakophilin dependent desmosome assembly. Finally, 
plakophilin mutants unable to become palmitoylated act in a dominant negative manner to disrupt 
endogenous desmosomes and lead to decreased desmosomal adhesion. Taken together these data 
demonstrate that desmosomal component palmitoylation plays an important role in desmosome 
assembly and adhesion.    
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Infrared spectroscopic imaging of lateral diffusion in isolated human stratum corneum
Q Zhang,1 G Mao,2 RM Walters,2 MC Mack Correa,2 R Mendelsohn1 and CR Flach1 1 Rutgers 
University, Newark, NJ and 2 Johnson & Johnson Consumer Companies, Inc., Skillman, NJ
The majority of percutaneous permeation studies have focused on the ability of a substance to cross 
the stratum corneum (SC) barrier giving little consideration to competitive spreading and lateral 
diffusion that may take place on the surface and in the SC. Lateral diffusion in the SC and radial 
spreading mechanisms along surface furrows or glyphs are poorly defined although this information 
is of substantial pharmacological, toxicological, and cosmetic importance. Fourier transform infra-
red spectroscopic imaging (IR imaging) is utilized to examine the lateral diffusion of two common 
permeation enhancers in isolated human SC. In separate experiments, the spatial distribution of the 
concentration of acyl chain perdeuterated oleic acid (OA-d) and methyl group deuterated dimethyl 
sulfoxide (DMSO-d) are imaged in the SC over time. Temporal and spatial quantitative IR images of 
OA-d concentration along networked glyphs on the SC surface suggest that these features serve as 
the major pathway for the distribution of OA-d. In contrast, IR images of DMSO-d diffusion in the 
SC display spectral changes indicative of DMSO-induced keratin denaturation revealing relatively 
rapid penetration of DMSO-d. Permeant concentration profiles are compared to a range of diffusion 
coefficients (D) for lateral transport based on Fick’s second law. A range of D (0.3-1 x 10-8 cm2/s) 
brackets the OA-d experimental data and appears to decrease with time. Although the diffusion of 
DMSO-d is relatively fast compared to the timescale of our experiment, the results indicate that D 
values in the 10-7 cm2/s range may be appropriate for this substance. Although the results do not 
directly distinguish between permeants spreading on the surface and that diffusing in the SC, IR 
spectroscopy allows us to track changes in the spectra consistent with penetration for OA-d and 
perturbation to endogenous SC keratin structure for the DMSO-d experiments.    
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ZNF750 binding to KLF4 and specific epigenetic regulators controls epidermal differentiation
LD Boxer,1 B Barajas,1 J Zhang,1 B Zarnegar1 and P Khavari1,2 1 Stanford University, Stanford, 
CA and 2 VA Palo Alto, Palo Alto, CA
ZNF750 is expressed selectively in epidermis and its mutational loss in humans causes a mono-
genic disorder of impaired epidermal differentiation resembling sebopsoriasis. We have recently 
shown that ZNF750 is essential for epidermal differentiation by inducing differentiation genes and 
repressing progenitor genes, however, how ZNF750 functions is entirely unknown. To address 
this, we used tandem affinity purification and mass spectrometry to identify proteins that interact 
with ZNF750 in differentiating keratinocytes. Identified proteins were confirmed by co-immuno-
precipitation and proximity ligation analysis and included the KLF4 transcription factor as well as 
specific epigenetic regulators involved in modulating chromatin function, including KDM1A (LSD1), 
RCOR1 (CoREST), CtBP1, and CtBP2. Systematic mutagenesis of evolutionarily conserved sequences 
identified the distinct ZNF750 amino acid residues required for each of these binding interactions. 
The identity of ZNF750-binding proteins suggested a role for ZNF750 in genomic regulation. To 
address this, we performed ChIP-seq and Re-ChIP for ZNF750, KLF4, KDM1A, and RCOR1. We 
identified a novel ZNF750-specific DNA binding sequence motif, and found that ZNF750 binds 
near differentiation genes that it activates and progenitor genes that it represses. Furthermore, KLF4 
co-localizes with ZNF750 near differentiation genes, while KDM1A co-localizes with ZNF750 
near progenitor genes, with RCOR1 binding at both types of sites at a novel RCOR1-specific DNA 
motif. Consistent with their binding patterns, KLF4 was essential for induction of ZNF750 differ-
entiation targets and KDM1A was required for downregulation of ZNF750-repressed progenitor 
genes, with RCOR1 co-regulating both gene sets with ZNF750. These data indicate that ZNF750 
regulates epidermal differentiation as part of 2 distinct genome-binding complexes, specifically a 
ZNF750-KLF4-RCOR1 complex that binds and activates transcription of differentiation genes and 
a ZNF750-KDM1A-RCOR1 complex that represses transcription of progenitor genes.    
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Altered expression of epidermal barrier and inflammatory proteins in psoriatic skin biopsies.
T Yoshida,1 J Swan,2 I Juskiewicz,2 AL Almudevar,3 A De Benedetto,1 G Scott,1 C Ritchlin,4 
N Duffy,1 F Tausk,1 J Moynihan2 and LA Beck1 1 Dermatology, University of Rochester 
Medical Center, Rochester, NY, 2 Psychiatry, University of Rochester Medical Center, 
Rochester, NY, 3 Biostatistics and Computational Biology, University of Rochester Medical 
Center, Rochester, NY and 4 Medicine, University of Rochester Medical Center, Rochester, 
NY
Both stratum corneum (SC) and tight junctions (TJ) contribute to epidermal barrier integrity. Altered 
expression of barrier proteins is a feature of Atopic Dermatitis. Less is known about barrier defects 
in Psoriasis (PS). To address this question we quantified the expression of barrier proteins and 
inflammatory markers in lesional (L) and nonlesional (NL) skin biopsies taken from 36 Caucasian 
subjects (M=F; 56±2 yrs) with mild plaque-type psoriasis (mean±SEM; PASI 4.8±0.6). L measure-
ments were compared to each subjects NL site. Gene expression of SC (n=4), junctional proteins 
(n=8) and inflammatory markers (n=9) was quantified by a TaqMan array card. Six inflammatory 
markers (CXCL8>CCL20>IL22>IFNγ>IL17a>FOXP3) were overexpressed in L skin with fold expres-
sion values of 52.9, 12.0, 6.7, 6.0, 1.5, 1.4, respectively (P≤0.01), whereas IL4 was reduced (0.27 
fold; P=0.003). No expression differences were observed for TSLP and IL13. Lesional expression of 
most TJ proteins was significantly reduced (CLDN23>CLDN1> OCL>β-catenin>JAM-A) with fold 
expression values of 0.15, 0.25, 0.54, 0.55, 0.70, respectively (P≤0.0003). No change was observed 
for FLG, KRT10, or CLDN4. Enhanced L expression of S100A7>CX26>KRT6a>ZO-1 was observed 
(101.1, 12.0, 10.5, 2.2, respectively; P≤0.0001). FOXP3 expression strongly correlated with two TJ 
proteins, CLDN1 and CLDN23 (P<0.0001) in L skin. We demonstrated that the inflammatory PS 
signature reported by others, is even observed in PS subjects with mild disease. There was a profound 
dysregulation of barrier proteins, with significant reductions in functionally important TJ proteins, 
suggesting that a TJ barrier defect may be observed in PS. Strong correlations between FOXP3 and 
CLDN1 & 23 suggest that Treg cells may have a role in barrier repair.    
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Topical application of L-carnitine salts and their ability to influence factors that affect aging
S Rao Research and Development, Lonza, South Plainfield, NJ
Environmental stresses such as UV radiation and pollution have become critical factors in accel-
erated cutaneous aging. Delaying the onset of cutaneous aging has become an integral focus for 
cosmetic companies globally, with targeted innovations in therapeutic as well as cosmetic ingre-
dients. Cutaneous aging encompasses a broad spectrum of interactions between endogenous and 
exogenous factors, with ramifications such as epidermal barrier breakdown, hyper-pigmentation, 
appearance of fine lines and wrinkles including the breakdown of extracellular matrix proteins in 
the skin. It has been well documented that UV inhibits ATP production causing an energy crisis, 
which prevents optimal skin barrier repair. As a consequence, cells are engaged in maintaining 
homeostasis by continual repair and regeneration processes. Well known approaches to prevent-
ing cutaneous aging include the use of UV blockers and oral supplementation of ingredients that 
promote cellular energy production. Our research focused on developing ingredients which can 
be used for both topical and nutritional applications for targeted enhanced ATP production and 
improved functionality. To develop multi-functional ingredients we focused our efforts to evaluate 
various salts of L-Carnitine (Car-S). It has been well documented that Car-S show an improvement 
in overall energy production when taken as a dietary supplement. We conducted in vitro and in 
vivo studies in order to demonstrate the efficacy of Car-S for topical applications. An in vitro ‘energy 
model’ using MatTek® skin equivalent tissues to elucidate the importance of ATP production and an 
in vivo study using two-photon microscopy techniques was conducted to demonstrate improvement 
in cutaneous aging. Results indicate that the topical application of Car-S resulted in improvement 
in thickness of the viable epidermis and skin metabolic activity (NADH/FAD ratio) compared to the 
placebo. As established by the findings from in vitro and in vivo studies, topical application of Car-S 
provide a non-irritating, efficacious treatment for improving cutaneous aging.    
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A multi-combined in vitro approach on skin substitutes to highlight the fence property of 
efficacy barrier creams
M Galliano,1 C Carrasco,1 F Crepel,1 C Jean jean,1 C Coutanceau,2 S Bessou-Touya1 and 
H Duplan1 1 Pharmacologie in vitro, Pierre Fabre Dermo-Cosmétique, Toulouse, France and 
2 Laboratoires dermatologiques A-Derma, Lavaur, France
Cosmetic barrier creams form a film on the epidermal surface, to protect damaged or irritated skin 
from everyday stresses. We have investigated the combination of robust and discriminating in 
vitro approaches to evaluate their efficacy. Exomega Barrier Cream (EBC) is a hydrophobic cream 
which has been shown to protect atopic skin from irritation caused by swimming pool water. Here 
we investigated the protection by EBC to irritant compounds or allergen. First, using fluorescence 
microscopy, we found that treatment of human skin explants, challenged by SDS solution, with EBC 
prevented penetration of the fluorescent dye Lucifer yellow through the stratum corneum. We also 
found reduced percutaneous absorption of the allergen chromium VI with porcine skin explants 
treated by EBC, using Frantz diffusion cells. Bioavailability values of chromium VI were found to 
be 34.92 μg (untreated), 0.96 μg (treated with vaseline as the positive control), and 2.68 μg (treated 
with EBC). This demonstrated the fence properties of EBC to chromium VI. We further showed that 
trans-epithelial permeability of a 0.5% caffeine solution through human reconstructed epidermis was 
reduced by 55% when EBC was applied onto the epidermis beforehand, demonstrating film forming 
properties. Finally we evaluated fence property of EBC by Trans-Epithelial-Electrical-Resistance 
(TEER) measurement before and after 3h treatment. Increased TEER without thickness modification 
suggests a film forming property and protective efficacy. We found that TEER value was significantly 
increased by treatment with EBC as compared to untreated epidermis suggesting efficacy to form 
a film-forming barrier on the epidermal surface. In conclusion, our different approaches strongly 
support that Exomega Barrier Cream helps preventing damage, chafing and irritation of the skin by 
forming an effective protective barrier against irritants and allergens with the skin.    
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Penetration of topical formulation into a skin model measured by stimulated raman 
spectroscopy
NL Garrett,2 H Mahalingam,1 J Moger,2 S Shah,1 J Veltri1 and M Donaldson3 1 GSK Consumer 
Healthcare, GSK, New Jersey, NJ, 2 Physics, University of Exeter, Exeter, United Kingdom 
and 3 Preclinical, Stiefel a GSK Company, Uxbridge, United Kingdom
Many compounds penetrate the skin barrier require optimized formulations to ensure their bio-
availability. Abreva cream is approved by the US FDA as an over-the-counter cold sore treatment 
indicated to reduce the healing time and symptoms of a cold sore. The product contains the active 
ingredient, docosanol. We studied the penetration of Abreva formulation using a living skin equiv-
alent (LSE) model, offering a complexity close to that of human skin forming a well-defined stratum 
corneum and provides comparable structural features with skin. A chemical imaging technique 
known as Stimulated Raman Scattering (SRS) microspectroscopy was used to visualize the pene-
tration of docosanol that has several distinct advantages: it is a label-free technique so the actual 
market formula can be studied; it is non-destructive, and it provides three-dimensional images with 
high spatio-temporal resolution. Distinct peaks relating to specific Raman bands can be determined 
to obtain chemically-specific contrast within the sample. For lipid-rich samples, a high wavenumber 
carbon-hydrogen stretch regions provides optimal contrast with SRS. Moreover, subtle changes can 
be discerned in the spectral features at this region of the Raman spectrum, which are dependent on 
molecular structure and conformation. SRS microspectroscopy was used to acquire high-resolution 
images of multiple chemical components of a topical formulation as it penetrates into the skin. 
After characterizing the spectral and structural properties of control LSEs, the distribution of signal 
attributed to Abreva formulation 10 minutes after topical application was mapped as a function of 
depth into the sample. Our findings indicate significant penetration into the stratum corneum and 
into the stratum lucidum (extending between ~20 μM and 30 μM below the surface of the LSE). 
These data indicate that after 10 minutes, the docosanol in Abreva had penetrated through the 
stratum corneum, and into the viable layers of the epidermis.    
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Overcoming the skin barrier: Enhancement of topical delivery of hexamidine diisethionate
N Parisi,1 PJ Matts,2 R Lever,1 J Hadgraft1 and ME Lane1 1 UCL School of Pharmacy, London, 
United Kingdom and 2 Procter & Gamble, Egham, United Kingdom
Hexamidine diisethionate (HEX D) is a topical skin moisturizing and anti-aging agent which is 
receiving increasing interest for its beneficial effects on the skin by affecting biomarkers of cor-
neocyte maturity such as cell size, envelope hydrophobicity and degree of envelope cross-linking. 
As the physicochemical properties of HEX D are not ideal for percutaneous absorption, chemical 
penetration enhancers (CPEs) must be used in order to overcome the skin barrier and deliver this 
active efficiently. We selected a series of CPEs to formulate HEX D. We then tested these simple 
formulations in order to identify those which were able to enhance the topical delivery of HEX D. 
The investigation was carried out by means of in-vitro permeation studies conducted using Franz 
diffusion cells and porcine ear skin as a model membrane. Mass balance studies were subsequently 
performed to quantify the amount of HEX D delivered inside the skin. The results of the mass 
balance studies indicated that the topical delivery of HEX D was strongly promoted by propylene 
glycol monolaurate (PGML). In fact, the formulations containing PGML led to a 10-fold increase in 
the amount of HEX D recovered inside the skin compared with all the other vehicles. Furthermore, 
no permeation of HEX D was observed at the end of all the in-vitro permeation studies with the 
exception of a propylene glycol/PGML (50:50) formulation. As a result, although different CPEs were 
successfully used to formulate HEX D, the active was mainly delivered inside the skin. In conclusion, 
the findings of this study demonstrate that the use of CPEs is a valid approach to enhance the delivery 
of actives with physicochemical properties which are not optimal for percutaneous absorption. In 
this specific case, simple and efficient formulations, which are able to target HEX D to the skin, 
were designed. These formulations will be further evaluated to elucidate how and to what extent 
HEX D affects various biomarkers of corneocyte maturity and skin turnover.    
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Decreased PPARalpha signaling due to alterations in skin lipid composition in a mouse model 
of spontaneous AD
S Blunder,1 R Rühl,2 F Radner,3 M Schmuth1 and S Dubrac1 1 Dermatology, Innsbruck 
Medical University, Innsbruck, Austria, 2 Biochemistry and Molecular Biology, University of 
Debrecen, Debrecen, Hungary and 3 Biochemistry, University of Graz, Graz, Austria
PPARs are ligand activated nuclear hormone receptors that have a crucial role in skin homeostasis. 
Ligand activation of PPARs promotes fetal epidermal development, keratinocyte differentiation and 
lipid synthesis, it inhibits skin inflammation and it accelerates epidermal barrier recovery. In line 
with these observations, PPAR alpha agonists were shown to exhibit beneficial effects in mouse 
models and patients with atopic dermatitis (AD). In this study, we aimed to dissect the role of PPAR 
signaling in flaky tail mice, a commonly used model for spontaneous AD. We assessed expression 
of PPAR-alpha, PPAR-beta/delta and PPAR-gamma. We found a decrease in PPAR-alpha and an 
increase in IL1beta, TNF alpha, ACOX1 and FABP5. A comprehensive analysis of cutaneous lipid 
composition revealed an increase in cholesteryl esters and fatty acids, whereas triglycerides were 
decreased in the skin of flaky tail mice as compared to wildtype controls. This correlated with 
an increase in ATGL and its cofactor CGI58. Furthermore, we found reduced levels of 9-HODE, 
12-HETE, HepoxilinB3 and LTB4A, metabolites known to be involved in PPAR-alpha signaling. In 
line with these results, we found a decrease in e-12-LOX, a key enzyme in the synthesis of these 
metabolites. These data demonstrate alterations in cutaneous leukotriene and eicosanoid metabo-
lism potentially impairing PPAR-alpha signaling in a spontaneous mouse model of AD.    
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Tight junction – disrupting peptides synthesized from the first extracellular loop of human 
Claudin 1 have an amyloid structure
EA Anderson, A De Benedetto, LA Beck and BL Miller Dermatology, University of Rochester, 
Rochester, NY
Tight Junctions (TJs) are critical structures for the maintenance of barrier in all epithelium, and are 
commonly formed by homotypic binding of claudin and occludin proteins on neighboring cells. TJ 
defects have been demonstrated in a number of diseases including atopic dermatitis and psoriasis. 
While disruption of TJs by peptides mimicking specific sequences of claudin extracellular loops is 
known, little information is available regarding the structure of these peptides. In order to address 
this gap, we have synthesized several peptides derived from the first extracellular loop of human 
Claudin 1, as well as analogs consisting of the identical amino acid composition, but different 
sequence order. We find that when these peptides are refolded in the presence of a surfactant 
they exhibit spectral characteristics (circular dichroism, infrared spectra) indicating a beta-sheet 
secondary structure, and X-ray powder diffraction that is consistent with cross-beta (amyloid-like) 
structure. Using a human bronchial epithelial cell line (16HBE), we find that these structured 
peptides reversibly disrupt barrier, have low toxicity, and facilitate transport of molecules with a 
broad range of molecular weights.    
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Loss of keratin K2 expression causes aberrant aggregation of K10, hyperkeratosis and 
inflammation
H Fischer,1 L Langbein,2 J Reichelt,3 S Praetzel-Wunder,2 M Buchberger,1 M Ghannadan,1 
E Tschachler1 and L Eckhart1 1 Department of Dermatology, Medical University of Vienna, 
Vienna, Austria, 2 Department of Genetics of Skin Carcinogenesis, German Cancer Research 
Center, Heidelberg, Germany and 3 Institute of Cellular Medicine, Newcastle University, 
Newcastle upon Tyne, United Kingdom
Keratin K2 is one of the most abundant proteins of the epidermis, however, its biological significance 
has remained elusive. Here we show that the suprabasal type II keratins, K1 and K2, are expressed 
in a mutually exclusive manner at different body sites of the mouse with K2 being confined to the 
ear, sole and tail skin. Targeted deletion of K2 caused acanthosis and hyperkeratosis of ear and 
tail epidermis, corneocyte fragility, increased trans-epidermal water loss and local inflammation in 
ear skin. The loss of K2 was partially compensated by upregulation of K1 expression. However, a 
significant portion of K2-deficient suprabasal keratinocytes lacked a regular cytoskeleton and devel-
oped massive aggregates of the type I keratin, K10. Aggregate formation, but not hyperkeratosis, was 
suppressed by the deletion of both K2 and K10 whereas deletion of K10 alone caused clumping of 
K2 in ear skin. Taken together, this study demonstrates that K2 is a necessary and sufficient binding 
partner of K10 at distinct body sites of the mouse and that unbalanced expression of these keratins 
results in aggregate formation.    
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Transcriptional mechanisms link epithelial plasticity to adhesion and differentiation of epi-
dermal progenitor cells
B Lee, A Villarreal-Ponce and X Dai Department of Biological Chemistry, University of 
California, Irvine, Irvine, CA
During epithelial tissue morphogenesis, developmental progenitor cells undergo dynamic adhesive 
and cytoskeletal remodeling to trigger proliferation and migration. Transcriptional mechanisms 
that restrict such mild form of epithelial plasticity to maintain lineage-restricted differentiation in 
committed epithelial tissues are poorly understood. Here we report that simultaneous ablation of 
transcriptional repressor-encoding Ovol1 and Ovol2 results in expansion and blocked terminal 
differentiation of embryonic epidermal progenitor cells. Conversely, mice overexpressing Ovol2 
in their skin epithelia exhibit precocious differentiation accompanied by smaller progenitor cell 
compartments. We show that Ovol1/2-deficient epidermal cells fail to undertake alpha-catenin–
driven actin cytoskeletal reorganization and adhesive maturation, and exhibit changes that resem-
ble epithelial-to-mesenchymal transition (EMT). Remarkably, these alterations as well as defective 
terminal differentiation are reversed upon depletion of EMT-promoting transcriptional factor Zeb1. 
Collectively, our findings reveal Ovol-Zeb1-alpha-catenin sequential repression and highlight novel 
functions of Ovol as gatekeepers of epithelial adhesion and differentiation by inhibiting progeni-
tor-like traits and epithelial plasticity.    
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Combined treatment with sodium butyrate and PD153035 enhances keratinocyte 
differentiation
S Leon Carrion,1 C Sutter1,2 and TR Sutter1,2 1 Department of Biological Sciences, The 
University of Memphis, Memphis, TN and 2 W. Harry Feinstone Center for Genomic 
Research, The University of Memphis, Memphis, TN
Epidermal growth factor (EGF) receptor (EGFR) signaling is a critical determinant of keratinocyte 
proliferation and differentiation in both normal and diseased skin. Here we explore the effects of 
combined treatment with the differentiation-promoting agent sodium butyrate (SB) and the EGFR 
inhibitor PD153035 on terminal differentiation of normal human epidermal keratinocytes (NHEKs). 
NHEKs were treated with SB alone or in combination with PD153035 and the effects on cell pro-
liferation, keratinocyte differentiation marker expression and cornified envelope formation were 
assessed in the presence or absence of EGF. Cells treated with SB showed increased expression 
of the levels of mRNA and protein of the differentiation markers filaggrin and transglutaminase 1. 
Co-treatment with EGF significantly blunted these effects of SB. Combined treatment with SB and 
PD153035 alleviated these inhibitory actions of EGF, resulting in improved effects of decreased 
cell growth and increased terminal differentiation relative to the individual treatments. These results 
indicate that the combined use of a differentiation-promoting agent and an EGFR inhibitor may offer 
an additional approach to the management of hyperproliferative skin diseases.    
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Epigenomic maps in faithful tissue context of skin cell types
L Zaba,1 M Longmire,1 J Zhang1 and HY Chang1,2 1 Dermatology, Stanford University 
Medical Center, Redwood City, CA and 2 Howard Hughes Medical Institute, Chevy Chase, 
MD
Although an individual’s cells are genetically identical regardless of tissue of origin, epigenetic 
mechanisms critically dictate and maintain cell state and direct subsequent differentiation. The 
epigenomics of each cell are shaped by cell fate as well as environmental factors. Due to limitations 
in technologies requiring relatively high cell numbers, the study of skin epigenomics has been largely 
restricted to the artificial environment of tissue culture rather than the native tissue context. However, 
given the strong influence of native tissue niche on cell states, insights derived from such artificial 
conditions have potentially severely limited our ability to derive accurate biological insights. Addi-
tionally, the influence of heterotypic cell-cell interactions on gene expression cannot be studied 
from tissue culture as it lacks true complexity of the in vivo cellular milieu. Using a technology 
recently developed by our group that requires far fewer cells, we conducted direct sequencing 
of open chromatin regions from various skin cell types harvested directly from fresh human skin. 
We aim to generate accurate epigenomic maps of each skin cell type: keratinocyte, melanocyte, 
Langerhans cell, fibroblast, and innate and adaptive immune cells. This study provides previously 
unattainable cell-type specific epigenomic maps that are accurate biologic representations of the 
global drivers of cell identity and function.    
404
A novel desmosome-COP9 signalosome complex in epidermal differentiation
NA Najor,1 RM Harmon1 and KJ Green1,2 1 Pathology, Northwestern University, Chicago, IL 
and 2 Dermatology, Northwestern University, Chicago, IL
Desmosomes are intercellular junctions that play a critical structural role in maintaining epidermal 
integrity. We recently showed that the cytoplasmic domain of the desmosomal cadherin Des-
moglein1 (Dsg1) acts as a signaling scaffold to promote epidermal differentiation through attenuation 
of EGFR/MAPK signaling. While this is due to the disruption of Ras-Raf complexes, the mechanism 
by which Dsg1 regulates EGFR, upstream of Ras-Raf, remains unclear. A yeast 2-hybrid screen 
revealed the COP9 signalosome subunit 3, Cops3, as a novel Dsg1 binding partner. COP9 comprises 
eight subunits and is known to remove the Nedd8 protein modification (termed deneddylation), 
a process that maintains the activity of cullin-RING ubiquitin ligases. EGFR can also be modified 
by the Nedd8 protein, raising the possibility that COP9 deneddylates the receptor, allowing for 
ubiquitination and turnover. To address the role of COP9 in keratinocytes, we silenced Cops3 in 
human epidermal cultures. An accumulation of neddylated-cullin family members was observed, 
consistent with a loss of COP9 complex function. Cops3 knockdown also resulted in differentiation 
defects as reflected by decreased Keratin1, Desmocollin1, and Dsg1, and increased pEGFR, pErk 
and pMek. While ectopic expression of Dsg1 promoted epidermal differentiation, it was unable to 
do so in Cops3-deficient cells. This raises the possibility that Cops3 plays an early role in regulating 
Dsg1, and later cooperates with Dsg1 to suppress EGFR. Since the COP9 signalosome is a large 
complex, we questioned whether it can interact with other desmosomal components. We immuno-
precipitated Desmoplakin (Dp) and found that Cops3 and cullin proteins were present. We propose 
a model where the COP9 signalosome associates with the desmosome through multiple interfaces 
to deneddylate cullins and EGFR, possibly leading to EGFR turnover to promote epidermal differ-
entiation. These data also highlight the potential contribution of protein degradation mechanisms 
as a complement to transcriptional programs driving differentiation.    
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Aquaporin 3 (AQP3) re-expression drives AQP3-knockout keratinocytes towards 
differentiation
V Choudhary,1,2,3 L Olala,1,2 I Kaddour-Djebbar,1,2 Z Pan,2 S Chen1,2 and WB Bollag1,2,3 
1 Charlie Norwood VA Medical Center, Augusta, GA, 2 Physiology, Georgia Regents 
University, Augusta, GA and 3 Section of Dermatology, Department of Medicine, Georgia 
Regents University, Augusta, GA
Aquaporin 3 (AQP3) is a water and glycerol channel expressed in epidermal keratinocytes. Previ-
ously, our laboratory has shown downregulation or mislocalization of epidermal AQP3 in diseases 
such as psoriasis and non-melanoma skin cancer in which keratinocyte differentiation is also dys-
regulated. However, there is controversy about whether or not AQP3 plays a role in keratinocyte 
differentiation. Therefore, the purpose of this study was to investigate the role of AQP3 in kerati-
nocyte differentiation using a different approach. Thus, AQP3 (or vector control) was re-expressed 
in AQP3-knockout mouse keratinocytes using adenovirus-mediated transduction. Cells were then 
cultured under conditions promoting proliferation or mild differentiation and harvested for quantita-
tive RT-PCR, Western analysis or assay of [3H]glycerol uptake. The re-expression of AQP3 resulted 
in the induction of mRNA expression of early epidermal differentiation markers such as keratin 1 and 
desmoglein 1 under basal conditions. When the keratinocytes were stimulated to differentiate with 
a slightly elevated calcium concentration, the re-expression of AQP3 resulted in the induction of 
the expression of keratin 10, and the late differentiation marker, loricrin. The re-expression of AQP3 
also resulted in increased protein levels of keratin 10 and loricrin. There was more than 10-fold 
increase in [3H]glycerol uptake into AQP3-knockout keratinocytes re-expressing AQP3, suggesting 
the functional significance of AQP3 re-expression; however, no difference in proliferation marker 
(keratin 5, cyclin D1 and desmoglein 3) mRNA expression was observed. Our results indicate that 
AQP3 has a pro-differentiative role in epidermal keratinocytes. Since AQP3 is downregulated 
in hyperproliferative skin diseases and AQP3 promotes keratinocyte differentiation, strategies to 
upregulate AQP3 in these diseases may prove useful in treating these diseases.    
406
DRM01, a novel acetyl coenzyme A carboxylase (ACC) inhibitor, reduces sebum production
D Hunt and HE Hofland Research, Dermira, Inc., Redwood City, CA
A direct correlation between acne disease severity and the amount of sebum produced has been 
established, as evidenced by the oral retinoid 13 cis-retinoic acid (Accutane) that is particularly 
effective at reducing sebum output. Unfortunately, significant risks are associated with the use of 
oral retinoids. Current topical acne treatments do not affect sebum production and often produce 
only modest therapeutic benefits. Therefore, a locally delivered medication that safely and effectively 
inhibits sebum production offers a potential breakthrough advance in the treatment of acne. DRM01 
is a novel small molecule fatty acid mimetic that competes with acetyl-CoA in the ACC-mediated 
formation of malonyl-CoA, the first committed and rate limiting step in fatty acid biosynthesis. 
Since fatty acids comprise, or are essential constituents in, the majority of sebum components, the 
inhibition of ACC activity has the potential to impact >80% of human sebum output. DRM01, a 
pro-drug of a well characterized lipid synthesis inhibitor designed to enhance topical delivery, has 
demonstrated sebum inhibition in a variety of models. Lipomics analysis demonstrated that DRM01 
selectively inhibited the synthesis of tri- and diacylglycerols, phospholipids, cholesterol esters and 
wax esters, in primary human sebocytes. A reduction in saturated acyl chains (predominantly 14:0, 
16:0, 18:0) and mono-unsaturated chains (mainly 16:1n7, 16:1n10, 18:1n7, 18:1n10) was observed 
across all lipid species. In a series of experiments using the Syrian golden hamster ear model, DRM01 
was shown to significantly reduce sebaceous gland size under various dosing regimens, all of which 
were well-tolerated. The parent molecule of the DRM01 pro-drug did not exert an effect on seba-
ceous glands in the hamster model, whereas both were equally effective in the in vitro cell models, 
suggesting that the pro-drug strategy was critical to enable delivery of the active ingredient into the 
sebaceous gland. Overall, the pharmacology and safety profile of DRM01 indicates its potential to 
interfere in the acne pathogenesis by inhibiting sebum production.    
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Human epidermal equivalent (HEE) cultures model barrier defects when the lipid barrier is 
selectively abrogated
R Sun, A Celli, D Crumrine, M Hupe and T Mauro Dermatology, UCSF-SFVAMC, San 
Francisco, CA
Glucosylceramide (GlcCer) is a major glycosphingolipid component of the epidermal permeability 
barrier. Previous in vivo studies in mice demonstrated that lipid deficiency led to loss of epidermal 
permeability barrier properties. We used newly developed HEE that reproduce the epidermal per-
meability barrier to investigate the relationship between the lipid barrier, tight junction expression 
and expression of signaling proteins that regulate epidermal barrier homeostasis. DL-threo-PDMP 
(PDMP), a known inhibitor of GlcCer synthase (GCS), was applied to developing HEE cultures. 
After twelve days of culture, morphology, ultrastructure, lipid content, transepidermal water loss 
(TEWL), transepithelial electric resistance (TEER), and protein expression was examined. Control 
HEE developed stratified layers, lamellar bodies and barrier properties identical to those seen in 
normal human skin. When GlcCer synthesis was inhibited with PDMP, barrier function as measured 
by TEWL and TEER decreased in a dose-dependent manner. Expression of tight junction proteins 
and sarcoplasmic/endoplasmic reticulum calcium ATPase 2 (SERCA2) expression likewise was 
modulated by PDMP treatment. These studies show that selective lipid barrier abrogation induces 
compensatory changes in structural and signaling proteins. These studies also demonstrate that HEE 
can model in vivo skin for barrier function studies.    
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3D in vitro model of a functional epidermal permeability barrier from hESC and iPSC
A Petrova,2,3,7 A Celli,1 M Arno,4 D Crumrine,1 M Hupe,1 A Cvoro,5 L Jacquet,2 L Devito,2 
R Sun,1 L Adame,1 R Vaughan,6 JA McGrath,3 D Ilic2 and T Mauro1 1 Dermatology, 
UCSF-SFVAMC, San Francisco, CA, 2 Women Health, King, London, United Kingdom, 
3 Dermatology, King, London, United Kingdom, 4 Genomics Center, Kings College, 
London, United Kingdom, 5 Genomic Medicine, The Methodist Hospital Research Center, 
Huston, TX, 6 Clinical Transplantation Laborator, King, London, United Kingdom and 7 
Immunobiology, Kings College, London, United Kingdom
Cornification and epidermal barrier defects are associated with a number of clinically diverse skin 
disorders. However, a suitable in vitro model for studying barrier defects is still lacking. Here we 
demonstrate the generation of the first human epidermal equivalent (HEE), structurally similar to 
native epidermis, with a functional permeability barrier from human embryonic and induced plurip-
otent stem cells (hESC and iPSC). We exposed a pure population of hESC/iPSC-derived keratinocytes, 
whose transcriptome corresponds to the gene signature of normal primary human keratinocytes 
(NHK), to a sequential high-to-low humidity environment in an air-liquid interface culture. Gen-
erated HEE had all cellular strata of the human epidermis with skin barrier properties similar to 
normal skin. Such HEE generated from disease-specific iPSC will be invaluable tool not only for 
dissection of molecular mechanisms leading to epidermal barrier defects but also be instrumental 
for drug development and screening.    
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Calmodulin-like 5 is a downstream effector of the TINCR long noncoding RNA and is required 
for late epidermal differentiation
B Sun,1 J Zhang,1 K Qu,1 V Lopez-Pajares1 and PA Khavari2,1 1 Dermatology, Stanford 
University, Stanford, CA and 2 VA Palo Alto, Palo Alto, CA
Epidermal development and homeostasis requires stratification of cells from the stratum basale 
to the stratum corneum, organized properly to form a multifunctional and renewable tissue. The 
molecular mechanisms that underlie the coordination and cooperation between strata are not fully 
understood, but cell-cell signaling and the epidermal calcium gradient are known to be important 
factors. To uncover novel players in this process, we used an RNA-seq timecourse to identify proteins 
upregulated in differentiation, and applied heuristic filters to prioritize potential regulators. This 
identified calmodulin-like 5 (CALML5), a protein induced >100-fold in differentiation and expressed 
in stratified epithelia, but whose function is still incompletely understood. RNA-seq of CALML5-de-
pleted epidermal tissue demonstrates that CALML5 knockdown significantly inhibits upregulation of 
517 genes, many that are critical to late epidermal differentiation and dysregulated in human skin 
diseases, including structural proteins (FLG, LOR, LCE3D), lipid biosynthesis enzymes (ELOVL4, 
ALOXE3), and proteases/protease inhibitors (CASP14, SPINK5). CALML5 is a downstream target 
of the long noncoding RNA (lncRNA) TINCR, which has been recently characterized in high-level 
control of epidermal differentiation functioning through stabilization of effector gene transcripts. 
Taken together, the data suggest a model in which combinatorial action between a lncRNA and 
calmodulin-like protein is essential for epidermal differentiation.    
      
      
